Agricaltural Geology of Tt

CHAPTER L

[

INTRODUCTION.

Geology as 2 science is of recent origin. It propcse:s
to study_the history of the earth from the
beginning of its existence to the present
time. It mcludes the study notmerely of the rocky
material But also of the remnants of plants and animals
- found imbedded in the rocks of the earth: These rem-
‘mnants belong to plants and animals that inhabited the -
~earth at different stages. They show the changes whid
the plantsand animals have undergone in reaching thexl}\
- present condition. In order to understand clearly what
, ‘cbang&s hust have taken place on the solid layer of the ¢
~ earth-crust in ages gone by wemust study the changes
which are taking place to-day cause “the study of the
present is the key to the past”. It is hence that gpology
~ includes the study of the various agencxes whlch rmg
about changes on the earth-crust.”,

, \,vy-(feology can be studied from several points of Vxew,
g ~ such as the chemical, biofogical, engi-
' Tts importance t

ol ul‘:ura;we‘ o neering or agricultural. The subject of"
S  geology is of importance to agriculture in
: uch as it deals with the formation. and decomposztmn i

ﬁf A nerals and }GCW frorﬁ/;;lnch scil;s amde:wed

Geology







PREFACE

— 0 ) G '
L There is no book on Agricultural Geology pubhshed
0 far, which will satisfy the needs of a student of Indian
iAgnculture. He can study the minerals and rocks as
also the agencies-wh ies Which ich form them and disintegrate them
from books on generaL geology he can study the forma-
‘tion of soils from books on_Agrieuléusst-Chemistry and
can. smdzirﬁmmk%m%books on_Indian
%(H-;wmhut there is no book which gives' the .
Boessary information from these three types of books
My experience in teaching Agricultural Geology for over
l&years has enabled me to put this information together
in one place to satisfy the needs of 2 stude : :
Agriculture. I have tried to be as brief as possible with-

_out sacrificing any important point. This iémall book s

By ;

- pot an attempt to publish anything original’ but is an
~attempt to remove a long—felt want ofa book on Agn-
cu}tnr§1 Geology for the use of Indian students.

- "The books consulted are mentioned in the. Bxbﬁo—
graphy and I feel it my duty to acknowledge my mdeb—

: tedness to the authors of those books.

% Gokhaie, Lecturer at the Paond Abncultuml College

.~ My sincere tharks are due to my friend Prof N V:’
Kamtkar for going through the manuscript and the ;
and making valuable suggestions.

My thanks are also due to my. fnend Mr

D. B. Guzdar, for theu' help in t:‘a.k1ng“'*ii3

oo 1095 } #D. L SAHW*‘



Preface to the Second Ediﬁon, " i
):0:( '

The first two chapters have been enlarged and re,
Wntten A small addition has been made to the th1rd

'and the fourth chapters giving hints on the 1dent1ﬁca-,

tion of minerals and rocks. The rest of the chapters are ’

mere repnnts of the ﬁrst edxtlon

‘ Pocma S o
25th May 1929 } D, L. SAHASRABUDDHE.
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the agricultural lands are formed from the various rocky
" formations of the earth and it is therefore essentlal for the :g'
smentxﬁc study of the soils to understand fully the for-
mation and composition of the rocks and of the mmerals
of which they are made up, the agencies which bring -

- about decomposition and the products of decomposition.

f studymg geology it is important to get some idea.
e about the origin of the earth and its
}fﬁ%’:‘:f the present condition. In recent years pre-
W : cise methods of inquiry,; especially the' o
of the spectroscope to the study of the stars
c helped to confirm the old mebular hypothesis.
According to this hypothesis, the so;ar ngstem ox-
isted at” one time as a nebula——a cloudy in

it planet of the solar system. It-was !

LA,

/‘&d& up of incandescent .vapours or gases. Duetothe
process, of cooling and: condensing various' rings
(5 thmwn out. These ri rings on disruption and' further
densation became what we call the planets of our:
~system, The planets ghemselves went on conder

. and threw off rmgs as seen at present in the oa
. +saturn. The rmgs of the other Bwanets broke m:p»ﬁa

- scent 1 mass 1eft yet is the sun. It seems that the mate
(als'in tfm n@l@la arranged themselves according to
densxtles, the hghtest material being outside and
i “Heaviest occupying the inside portion. * This g &
from the' dengities of the planets. If the dens1ty
carth is takeg_ as one tl@ that of mercury w

el

searest the suif 16'3:12 while The dey'eitigs of the p
X >~



Y
, -outside the orbit of the'earthare less than one and thd
g densmy of neptune, the outgrmost planet is only 0-16.

‘The outside of the earth ?s now quite-cool ; butabun-

dant proof e‘\*isfé to show that the interior

{ gﬁ?oif’;ﬁ;’f e;;‘;’,; of the earth is vety hot. A large propor-
tion of the planetis hotter than molten

iron. The earth must have been \émce in the state of

- incandescent vapour and it has ever sf’qcn that time been
«cooling and contractmg Its present sha,Pe afforc.s strong
presumption in favour of the opinion thdt the globe was
once in a plastic condition. The ﬂattemng at'the poles
and bulging at the equator, is just the shape whicha

. - movement of rotation, imparted to it when de "ched from
‘:the parent nebula,

, ) mosphere which forms a gaseous enviglop™
Tm 2bpoe sphees, rourI:d the earth;*(2) bglow :
Spheter is the second envelope ¢
. Which consists of water and (3) the lithosp}
' tral globe cool and solid on its surfac?
_ inside.

plastic mass would assume under the inflgence of the
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lithosphere consists of heavy ma.termls, a.nd may be
metallic. There is thus an evidence of arrangement of
the planet’s materials in successive spherical shells accord-

ing to their densities.

tions of the earh are not absolute. Water is found pene-
gases of the atmosphere are found dissolved in water and

the solid portion are found hangmg ina ﬁnely divided
te in the atmosphere and in suspensmn in water.

is supposed that the present gaseous and hqul&

emsted in tha «
nt been absorbed by mmerals It has been

that already one-third of the ‘whole mass of the ocean
‘ hasbeen absorbed wEventually the surface of the ple

e e

e

?a'*mlxturem&gases, the cj%@gf which Fafg Q
Besides these there -are vanablé qus

The Limits between the solid, liquid and gaseous por-
trating rocks and also as vapour in the atmosphere. The

also nnpmsoned in rocks of the solid earth. Particles of

envelopes of the planet form only a portion of the origi-
ga.s and water. Fully a half of the outer
arth consists of oxygen Whmh once -

PR D
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k‘* , The hydrosphere consists of the oceanic waters
e which cover nearly three-fourths of the
earth’s surface. All the oceans are con-
mected at the surface but they have distinct basins.

“The Hydrosphere.

The surface of the sea is in sharp contrast with that
of the land in that the former seems to
belevel. It is the datum plane. from

‘which all elevations on land are measured. It is called
the sea-level. ’

Sea-level.

Average depth of the ocean is estimated to be about.
two and one-half miles, the greatest known

Depth and volume

volume of sea-water is nearly fifteen
times the volume of land above sea-level.  If the surface
of the lithosphere is brought to a common level by
planing down all continental platforms and building up .,
the deep parts of the ocean basins the oceanic water will
cover the whole of the earth to a depth of nearly two
miles.

; _‘ ; Whatever might have been the original
;}g‘;‘&ﬁg?t“‘ composition of the sea water it has for

’ ages together received mineral matter in
~ solytion from the land and so sea-water contains more or
- dess every substance which the terestrial water can re-.
move from land. |The average proportion ¢ of saline con-_.

»thr T and a half percent. If all the mineral matter now if-
saolutmn in the sea were taken out of it, its -aggregate’
| ;;“vohlme would be equal to about one—ﬁfth of the Volume
. wof all lands no/,@ove the Sea-level. >~ Sghioet

5 R
4

™ i N o -

of water. depth being nearly six miles. The average |

There is a good deal of mineral matter in sea-water.

:stituents - in the oceanic waters. far away. from Jand is .
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Wltmn the gaseous and watery envelopes lies the inner
solid globe. The only portion of it which. ]
rising above the sea, is visible to us'and T
forms what we term land, occupies a little more than‘ ‘
one-fourth of the total surface of the ‘globe. The land
abave the sea-level is chiefly in the northern hemisphere:
and is in large masses which taper southwards to about.
halfthe distance between the equator and the south poIe»

Lithosphara. -

* Earth crust is a term used to denote tha upper or
~ outer cool solid layer of the earth’s mass.
. which is accessible to human observatmn

hich lie the chief materials of geological mvesug
The thickness of this layer has been esti
ewhere between'10 and 20 miles.

or of the earth is very hot as is indicated by_
' the volcances and hot springs.. -
i*;i:g“’" ofthe  gisa been estimated that for every 60 ea&!
A *  deep we go, thereisan increase of 1°
'n temperature. If this ontinues regularly it would.
giverat a depth of 25 ‘temperature sufficient to.

; melt a}most any mck at atmaspherxc pressure

yout the condxtlons of the earth’s interior
- views are held. According to o
erxes aboitt the s
; thc mtcnor of the earth is in.
139 dition, !
B? %3“" state azﬁ 1s surrounded by a. 5

r.h*smst

Sl
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¢ drawn out by the influsnce ofthe moon and the sun. -
They say that the earth is solid throughout. A,lthcugh
itis hot inside the pressure from above haskeptitina
solid state. When from any cause this pressure is re-
lieved - internal material becomes liquified locally and
. gmres origin to volcanoes. There are others Who think
that there isa thin viscous intermediate catum, Te-
posing on 2 solid core, and covered by a solid ¢ The
crust, according to this theory,is solid because it'is al-
ready cooled, the intermediate molten stratum exists where
the downward pressure is insufficent to prevent liquifiies
tion, and the nucleus is kept solid by the excessiwi
pressure at  great depths. Finally there is a fourth
. theory, according to which the earth is a globe of gas,
enveloped first by an inner molten layer and next by an
outer solid crust. For all purposes of geological study
the first theory is the most satisfactory.

y
i
i
1
i

w

" Geology may be divided into two main divisioss =
Divisions ana  LAysical geology and Hxstoncal gcolog;rr\
: gugg:i:lg ;aoh Physical g&6logy treats ‘of ‘the origin, |
St r composition, and arrangement of the
matenals of the earth—crust, and Historical geology deals
with the past conditions and aspects of the globe, and |
" of the life with which its lands and Waters have been
#  successively peopled. Each of thegeivisions is further
divided into sections. The pifSical geology includés.
(%mmmg,@lwmomx. and_Réfrolegial geology. . Dyna-
= mical geology treats of, fe agencles concerned in the
: formatlon, elevation afid degragéition of rockmass. Petros
logical geology defls s with # comp051t10n and* arrangeﬂ
_ ment of rockst” : :
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Historical geology includes E@mntology and Stratls-
‘graphy.  Palzmontology deals with the ammals and
plants found as fossils in the rocks, wh
geology is devoted to the descnptlon of the various geo-
logical formations and the gpast conditions of the surfaCe

~of the globe.

In studvmg the formation of soils W we have to study
teitiint of ths the composition of minerals and rocksand
- sabjectinthe the action of the various agencies on
,°°k‘ ~ them. Fora clear understanding it is.
' study in the first place the action of the agen-
in ependently of the study of the minerals and racks.
) 5f this book are so arranged that we first
action of the various agencies and then
position of 1mportant minerals and rocks. Thﬁﬁ
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ol ", CHAPTER IL
i .. “ﬂ\wﬁ A Pt K : v E ’“"\ "‘ i | ,, .
s AGENCIES WHICH FORM AND ﬂisff«‘frmm*m Rocks.
. ﬁ Dynamical geology treats of the agencies co
‘in the formation, elevation and disintegration
‘masses. ‘ ' S ,
o - The agencies may be divided into two classes,

external or the outer agencies such
i - au, water, and life and internal or
% -agencies such as voleanogs, earthquakes a

~jnovement,

Agencios,

o

The air envelopgs the earth on eve&:y side; Cts

air,  mechanically by its eurrents of wind and
’ chemically by the gases of which it is com-

- posed. .

aperature have important effects on |
ocksand soils. In dry climates where |
Action.”  the daily range of temperature is exces-
PR sive as in Sahara and other deserts, the
alteration in expansion and contraction of the surface
ocks is so great as to break them into small pieces’ and
finally to reduce them to fine particles. Movements of
the atmosphere cause winds and the winds have destrue-
preservative and reproductive actions. Winds act
ructively upon rocks. both by the actual pressurey
xerted and also by hurling rock fragments, against them.
Isalso blow and drift-hbout allj% Ose-m:
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ing thnm from ons place and’ piling them at- %héther._
Examples of the destructive actxon of wind are i—

1. In some parts of the Nil

is swept awa
inches in 100 years.

2. Foundations of buﬂdmgs are laid bare as in
‘ North China. SR ‘
:3. Houscs and chimneys are blo\vn up

4 Scoopmg action of stones kepti in gyratlon
helps in gnndmg down rocks. :

ider accumula.tlons of du**t, sand and other

Loess is satd ta have 1ts omgm from tl
of wirds. It is a yallovcnsh dust
“spread aver the ‘central part of E
 Asia, e‘it@ndmg from Germany to
The loess mate:cml 15 ound

2

o-delta 8 feet of soil'
y in 2600 years or nearly 4

owth of dust on ancient monuments and mtms is
s@mmple of the preservative action. Archeao- -
ents  publish accounts of temples and.»

¥
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ridges. The sand hills are found along coast: |

o ~ linesof oceans or large lakes ‘where sandy |

shoresare exposed to drying heat and wind.

Similar effects are _produced in the sandy
deserts of Sahara, Arabia &e.
On the Malabar coast sand dunes are common. In
‘he northern portion of the western ‘coasty ‘near about.
‘Bombay, no sand hills have been’ noticed; but f
north in Surat, Broach, Kathiawar and Cutch
is found in several places. - Sand dunes are freque
found on the banks of such rivers as the Godavari, Krish=
~ naand Cauvery. The Rajputana desert is one wide ex-
, panse of windblown sand. The prevailing winds have
2} heaped up the sands in a well marked series of; 1
which resemble magnified wind ripples.

| Many rocks contain lower oxides of

. tonal oxygen. In sodoing they ‘alter
volume and chahge their colour, the first a
eak Tock. Air with water oxidis

. about several changes:
Solution_and hydration are als

ctions which may be considered hers of under water..

effect of the combined action of these is to bring

“ about changes.in the roCkyﬂ,mater;iaqu‘speciaﬂy on the-

, ] <Basure . ’ with B Y
Ohemical action. on ¢xpasure to air co «inc, Wth, addl
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amostly chemical although many of the”k"pfacasses of % "‘
wcathermg are mamly physxcal or mechamcal _W@a—

A sandstone may, on exposure, harden asan gffec pf
weathering. Laterite which is a very soft rock, when
{reshly dug out, hardens on exposure because the total
-effect of the various agencies, is the changein that dlres- -
tiom. In humid and temperate climates weathermg is.
.caused by main and sunshine. The rain wetsand th@‘
_sunshine dries the rock and it ultimately falls to powder. -
" In acold country weathering is caused by frost while in

t arid regions the alternate changes in temperature
sing contraction and expansion, are the chief causes ¥
eTing. Notvsrl’chsta.ndxnor the - he\cep’uons gnven

der the tock, to alter the compasxtmn of
ole and of 1nd1v1dual partlcles and thus

" Water brmgs about two,
surface of the
- notonly on the surface but alse
:sinks under ground (2) It acts mechamcally b
away loose material and dep031t1ng it m, ocean
.an thaﬁ‘nver banks &c.

Water.

Chemmal actxon of water is the same as d
underair, Rain water dissolves gas
the atmosphere om its way §

e
Chemmal action.

>
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Ay and 1-77 percent of carbon
W -ammonia, nitric acid &,

~  suspended impurities consisting of inorganic particles,
“organic dust and living germs, Sq the rain brings not
only water but also fertilising material. The chemical.
changes brought about by water and air are given below.
4»— (1) Oxidation *— 5

.

dioxide, besides traces of:
Rain water also containg:

&

We often find 5 crust on the sui--
rain and air. This crust thickens-

te . @ Deoxidatio

i n :—Organic matter broué'ﬁﬁi'aoWn. e
& by rain water as also that which accumulates :in the soil ~
is the chief cause of deoxidation, Higher oxides are re- ° k'
duced to lower oxides, Deoxidation changes sulphutes \

.- to sulphides,

. mate and carried away b
? - exposed in thin layers the carbon di
| the calcium carbonate is g
* material,

L{#) Hydration +—Some minérals and compoinds Y
absorb water and hold it fast as if in chemical ¢Gmbing-
tion with it. This change is known ag_Rydration, The
. absorption of water* increages the volume ‘of the ma

k -
o i
hi . &

¥ streams. When the water is

oxide goes off ahd® ;
gain deposited ag an insoluble “

By




which may cause local uplifts. Anhydrite on changmg
4o gypsum increases in volume o, the extent of about 3

percent.

_ (5) Solution —-several substances are "solublé - in

Water and hence they are found in most waters. There =

»am others which get dissolved under high pressure. ‘and

‘temperature while there are still others that get dxssolved
) the help of carbon dioxide &c. -

Mechamcaﬂy water acts in various ways. It %osens*
rocks, attacks them, and carries” aWay
broken material to be deposited :

, © When the ram water comes down, a part

evaporates back into the air, a part sinks into the

d and the rest ot the water flows towards the oceafu'

s gmun water is found ‘forining yet
fluvial lands asin Gujéraﬁ*ﬁvhﬂ it f

‘ ‘imp 'mous layer may be bor
'seeon lower Iayer. Th' , atar.




_get, correct results. They give indications Which canbe |

interpreted in the light of the experience of the
workers, ey , : ‘ ;
p B ‘Underground water may some times flow ‘down in

such a waythat it finds itse]

ween impervious layers  both above and belo
water accumulates in such ”‘places under pressure.
whole is bored through the upper impervious roc
locked up water rushes up and begins to flow. This s
kuown as an Artesian well. Suitable conditions for
artesian wells are not. common in India, Alluvial 4
posits of Pondicherr yield artesian water.

- abore 1189 feet deep gave water which flowe
the top of the casing which was 24 feet above th I
of the surrounding plane, There are artesian -waters in

- Baluchistan, In Gujerat artesian water was  struck at-
- Navasari at a depth of 150 feet. At Viramgaon and Mahi
-also artesian water was struck. A

fin a porous material bet-

Underground: water may come out in the form of

“springs. Ordinarily spring-watéers have
- lemperature somewhere near the temper- ;i
‘ature of the surrounding air. Byt there are some springs 1 8
which derive their supply from melting ice and therefore .ol
‘have low temperatures. While there are other springs
~that have higher temperature than that of the air, Thege"
called hot. springs. There are many hot springs
8 the Bombay coast. The "ot springs found in the
i icts vary in temperature . from
*F to150°F. In Sind also there ae hof sprin
o Peer spring which is 10, miles
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isabout 140°F. The hot spring at Laki has a larger
amount of sulphurreted hydrogen issuing from it. At
Gangotri, the source of the Ganges, there is a well-known
hot spring. At Manikaran the temperature of the-
spring water is at boiling point and people cock their-
rice in the jets of water issuing. The springs may ,
flow the whole year round or they may flow i
only during a perticular ssason when they . are called «i’
seasonal. Such springs flow during the rainyseason or
.ven for sometime after but get dry in the hot summer.
here are some springs which flow for some period in any
ime of the year and then they disappear and may begin

ow again after some days or months. Such springs ‘.
ed intermittent  springs. The springs at Rajapur K
vis nature. The days for which the flow of these ,
inued between 1883 and 1913 varied from 16 4 T

B ining

The amount of issolved mineral matter in ordinary“ s
exceed O'5or at the most 100 !

-gramme per litre
- amount of organic
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The geological work of the underground watersis
to remoave rocky material from one place to another
either chemically or mechanically, to form tunnels and
passages, form mineral veins, change composition of
minerals, replace fossils molecule by maolecule &ec.

Rivers are the natural drains of land surface. They

Rivers carry to the oceans not only vast quan-

) tities of water but also large quantities
of material worn off the land. The waters of the -
rivers are derived partly from rain and partly from
springs and in some cases from melted ice. Average

flow of rivers is 1-25 miles an hour, while the :

fastest is 20 miles. Rivers having a slope above 10
inches}in a mile are not navigable. The river waters act
both chemically and mechanically on the rocks. Huge
quantities of materials are dissolved by the chemical
action. On an average 30 parts of soluble salts may be "
found in 100,000 parts of river waters. In the meehani-
cal action of river are included (1) transport of suspend.
ed material, (2) eroding or excavating action and- (3)
depositing of ithe sediment from water on banks or in

Jakes and oceans,

' The Elbe (Austria) river was found to carry the
~ollowing quantities in one year as estimated in 1866
- Geikie's Text Book of Geology )i— i

547,140,000 killogrammes, suspended matter, -
652,680,000 killogrammes, dissolved matter,
‘ containing among others Bl
140,380,000 killogrammes, lime, T~

- 54,520,000 killogrammes, potash,

1,500,000 killogrammes phosphotic. acid.

2 - ‘ . : PR

e

FETT
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was found to ca'n'y in

The Mula xiver near Poona, ’
of 1910 the following

one day in the rainy season
quantities. ,
223, 311 pounds in suspension,
: 334, 966 pounds in solution,
. The dissolved substances consisted of
182,370 pounds, calcium carbonat®,
89,324 pounds sodium chloride,
37,218 pounds, sodium sulphate
26,056 pounds calcium sulphate.
‘The excavating or destructive -action of the river :
is active whan there are suspended materials. Mere
and rapidity of current, will not cause much ero-
. channel of a'stream unless sediment is present
or. Rivers starting from lakes have generally
¢ of suspended matter and therefore they do not
 ferosion. The excavating action is well
existence of pot-holes, cutting of the
and by the water—falls. '

 the ocks of

.

~ very I
show action

channel may give riss fo 3 :
‘may occur bgcause the water of a river ma ’5
to pass over an already existing precipito o
ment or it may pass from 2 hard rack formation t
° rock formation and produce an escarpment by GXCAV2
.the soft rock and then continue falling down from the
 the soft rock. Sometimes waterfalls may occur by
ral or falling down of strati jed rocks along lines
it joints. The wellknown Nigara waterfall of
aped, has a depth of dbout 300
ds and the length of the gorge

-

o
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- mhe Ganges carriesina year 355 361,000 ton
, 'matter Cook calculated that if a ﬂeei‘.of 97

19

{as the shoe shaped appearance is called) cut into the
xock by water is about 7 miles. Depths of some of the

Indian waterfalls are :—

The Narbada falls at Jubbulpore 50ft.

The Ghataprabha falls at Gokak 180ft.

The Cauvery falls in Mysore  300ft. L
The Gersappa fallsin Kanara,  900ft.
The reproductive action of rivers is shown by me

‘deposits at the foot of the hills, on ths banks of rivers, #

lakes, in forming bars and deltas, and finally in the seas
along the coast lines. Any agency that reduces the swed
of the current of river waters causes deposition of silt.
Where the river joins the sea sometimes huge qnanmms
of silt are accumulated. These are driven towan
gea by the rivers and the sea throws them back at ‘the
‘mouth of the rivers. These become abstructions to nmn—
gation and are hence called bars. Rivers many times

~ split up into branches to goround the bar to meet the

sea and ultimately develop large areas of depomts known

- ‘asdeltas. The deltas are triangular shaped with their

‘bases t@wards t’h& seas and apices where the rivers split
into branches. The delta of the Nile has a seaward bor-
«der of 180 rmles and the distance from the base to the
apexis 90 miles. The delta of the Ganges and the Bra-
-mhaputra is 60,000 square miles. The whole of Northern «

India from the Punjab and Sind to Bengal and Assam
. «consists of nothing but silt hundzeds of feet deep,
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Ganges to the ses, this fleet of vessels would just
perform the average daily work performed by the waters
of the Ganges. o

Lakes are depressmns filled with water, on the sur-
face of the land. Likes may be freshe
water lakes or salt-water lakes. Salt-lakes
may be portions of sea cut off from the main body or they
~ might be formed from the original sweet water lakes. The
 fresh water lakes have outlets while - the salt lakes have
_ none. When there is no outlet for a lake, every year
 galts are washed into it but are not removed since the
rs of the lake go out by evaporation and not by
wing out. The concentration of salts increases year
after year until at last there comes a stage when the salts
are thfew down in layers. The Dead sea is an example

Lakes.

» " miles when full during the rainy. seasen. Its depth is
four feet then. During the dry season the lake gets dry

.. with an encrustation of salt over it. ‘The Lonar-lake of
i Berar is adeep hollow supposed to bea crater of an extinct
W : ression is 300 feet in depth and about
It is syrrounded by a rim of ‘basalt.




i ! & The chief constituent of the water is sodium carbonate.

21

The important functions which are performed by lakes
.are i— ' :

(1) Lakes equalise temperatures of the surrounding
localities.

-

(2) They regulate the drainage of the couﬁfzfy in
which they exist,

(3) They act as stores

of sediments brought infd
- them by the streams. ~ e

(4) Waters from differe
lakes and double decom
the wvarious salts,
.deposited.

nt streams meet together in
positions' take place between -
some of which being insoluble are

(5) Along with the silt, remains of plants and anj- i
mals are driven into lakes where they remain imbedd- _
ed and after years, leave behind their casts or moulds as
fossils. -These fossils form a very valuable material in
indicating the life of the period and the climatic and other
conditions of the times in which they were deposited.

These deposits, ' when dry, form the real pages of the
history of the earth.

-7

Like the river waters the oceanic waters excavate,

\Oceanic waters, 180SPOrt and depasit mineral material.
he work isa combined action of wind = -

waves, tides and currents, Huge waves of water attack -
the shores and the loosened material is carried away
to long distances to be deposited or the materia] is lifted: -
ap by the waves and dashed against the very-rocEﬁiW
‘which the material is derived, With the, rocky. material
the power of the waves is increased very, much and they

by
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are able to crush even very hard rocks. The frag--
ments of rocks broken off are rounded by waves, worn -
down to sand and finally to silt like material which is.
deposited in layers to be turned into hard rock again.
The disintegrated material carried into the oceanic waters
extends from 50 to 200 miles from the coast land. The
coarser materials are on the coast side and the finest
particles furthest from the coast. Two hundred miles is
practically the limit upto which the land sediment-may

. be carried. Distant and deeper parts of the oceans have

eposits from the decay of oceanic animals and plants,

The action of sea-waters is restricted to coast lines only.

~ When the temperature of the water beginsto fall the ¥ g
water contracts in volume and when it is
4°C its density is the greatest. If the-
ge te,mperature lowers still the water begins to expand and
at 0°C when it changes from the liquid to the solid state,
it suddenly increases in volume from 100 to 109, If the . i
water is held in crevices or ina way where it cannot ‘
expand -it exerts a pressure which is equal to 138tong"
per square foot. This action due to lowering ¢ 't
temperature of water shatters and breakst]
pieces, and squeezes rock particles against each ‘
cold countries the snow which falls. may show a protec-
.~ five action. When it falls and accumulates on young
_craps, it being a-bad conductor, preserves warmth mm},er-
"neath and protects the plants from outside extre “
It may on the other hand prove to. be destructive wi
adewmulates on hill slopes and comes down suddenly
into: the valleys. dem;mymg rmzhs, plsmts and anmalea
over which it mlls.

Tervestrial ice..




In such mountains as the Alps and the Himalayas
there are rivers of ice called glaciers.
Snow ‘heaps itself in huge piles on these
mountains. The lowest portion of the snow, under
the heavy pressure of the upper portions, throwsouta
sort of a tongue which moves slowly down the slope being
fed and pushed from behind by the huge accumulated
mass. It remains continuous till it comes down into
warmer climates. Here it naturally melts and for&s&
current of ordinary water. Like an ordinary river
glacier has three-fold action—transporting, excavating
and depositing. The material transported either on or
in the glacier is called “ moraing ”. The glaciers move
but slowly, about 20 to 27 inches in 24 hours. The
fastest found in Greenland move at the rate of 40 feet in
a day. The material carried slowly by the glaciers grinds
with great pressure against rocks over which they flow.
Ultimately most of the materialis dropped down where
the glaciers melt into water. The average length of the
Alpine glaciersis 3 to 5 miles. The Great Aletsch Gla- |
 cler is 10 miles long and about 5900 feet broad. In
India on the innermost ranges of the Himalayas enor-
mots quantmes of snow accumulate and feeda very | *
large number of glaciers. Some of these glaciers are ;
- amengst the largest in the world and carry huge masses
- of debris in the form of moraines. ~
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Glacigrs.

- ,ﬁ»i«'?ef 73

At the poles there is perpetual snow even at sea
level. The thxckness of this is estlmateé
at two or more miles therefore there are.
g]amexs there many miles in length. From these: glaciass
huge masses of ice of enormous thickness and many
ﬁsquare mﬂes in eﬁent,ﬁoat‘away 1nto the ocean and are

Ioa barss.
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carried towards the equator. The portion of the iceberg
which is sgen above the water is only one-ninth part of

the wholemass. The iceberg is also surrounded by thick |
fog and hence is many times difficult to spot. When the
ice-berg enters warmer climate it melts and unloads itself

of the rocky material brought with it, on the floor ‘of the '
sea.

The total result of the combined action of the vari-
ous forces like the rain, rivers, glaciers &c. in lowering
the surface of the land by removal of material is known
83 denudation. Of the mineral substances received by
~ the sea from the land, by far the larger portion is brought
down by streams and a relatively small amount is washed
off by the waves of the sea itself. It is the stream-borne
part, therefore, which is very important in giving an indi- ,
cation of the amount of denudation. The real measure ¥
of denudation is the amount of material removed from the
surface of the land and carried to the sea.

= The general lowering down of the level of the land

is 'shown by ‘the following table from Geikie's Text~
book of Geology.

‘  Foot of rock
Areaof | Annual discharge b
Name of River, | basin in of sediment in

8q. miles, cubic feet. "
“Missiesippi 1,147,000 |  7,468,694,000 i
?anges 143,000 + . 6,368,077,000 by
Rone 25,000 600,381,000 -

i1
Po : 30,000 | 1,510,137,000

.
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The Ganges removes one footin 823 vears, The

-average height of Asiatic continent is 1132 feet. T he
.area worn down by the Ganges, will therefore be brought
-to sea-level in 930,000 years, by denudation if no upe

heaval or depression of the land takes place.

Life as 2 dynamical agency acts through plants and
animals. Plants have destructive, pre-

Action of vegeta-

ble kingdom. servative and reproductive actions. The

destructive action of the plants is seen in

-several ways. (1) Rocks in contact with vegetationare

kept moist, especially when they are covered with moss

and similar moisture loving plants. The moisture exerts

solvent action and acts in various ways as already in-
dicated in another place to disintegrate rocks. (2) By

.the decay of the vegetable material organic compounds
-are produced. These include, humic, ulmic and other

acids. They have a great dissolving power on minerals
and rocks and they also have a tendency to take up oxy-
gen from the mineral matter and reduce it. The roots of

‘the plants secreta liquid whichhasan action like the

acids mentioned above. (3) Some of the organisms of

“the soil such as bacteria, belong to the vegetable kingdom.

Thése produce ammonia and nitric acid from organic

.matter and the nitric acid attacks mineral material. “

Plants insert their roots into joints and crevices of the

-rocks and act as wedges in breaking rocks.

. Among the preservative actions may be mentioned

 /the following :—(1) Certain plants spring up on newly=

formed sand hills and protect them from being blown and

~scattered about by wind. (2) Formation ¢f turf on land
“protects soil and loose material from being rapidly re-
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moved by rain or wind. (3) Forest growth also protects. =,
soil especially on slopes by the binding action of roots.

The reproductive action of vegetation is very clearly A
seen in many places by the accumulation of the vegetable
remains on and under the surface of the earth. (1) Huge:
masses of sea-weeds accumulate in layers. These weeds
abstract mineral matter from the sea-water and when they
decay the mineral matter helps the formation of rocks. @.
The man-grove growth binds and protects silt layers and |
islands of such deltas as those of the Ganges, and Irra-
wady. “All these growths are slowly but continuously

* adding to the strata of the crust, though the amount may
_be small compared with the mechanically formed sedi- |
‘ments, yet geologically it is of great importance. (3) The. ¥
peat bogs of the several countries are good examples of
reproductive action. Some of the peat areas extend over A4
- thousands of square miles and vary from 10 to 40 feet 'in
thickness. These are specially’ developed in cold cqun-
tries.” In Ireland about one-seventh of the area is covered
with bogs. Peat-bogs have treacherous surface and:
frequently men and animals that go there by mistake are
engulfed. The peat possesses -great  anticeptic power -
and hence the engulfed material is well preserved i it, /
In India the formation of peat is confinedto a few places. 1
True peat is found on the Nilgiri mountain in a fevw peat
. bugs lying in depressions. Peat is found in the delta of -
the, Gangesand also inthe Kashmir valley and in the
valley of Nepal. (5) The coal-fields found over ths world
rc masses of mineralised vegetation of past ages. -
Under favourable conditions and through a long period of
time,’ submerged' peat, forest-growth &c. form coal de-
/  posits. Several-cofil fields have been discovered in India




‘showed that the common earth—worm is able to bring fine

~ tion of mmcral matter.

'life helps in building up the crust of the earth. Bones

- and get mixed with silt forming-thick beds. The vast

‘are made of bodies of very tiny, organisms. . The:

ar

in recent years. The coal-fields.of Bengal, Bihar, Orissa,
Hyderabad state and Central Provinces are well known..
The annual ‘production is now nearly enough to supply
the internal consumption. (5) Besides the carbonaceous
deposits formed by plants siliceous or flinty accumulations.
take place in lakes and marshes through the growth and
decay of microscopic organisms.

Destructlve actions of animals on rocks are shown s
by the fine material produced by ants,.
earthworms and such burrowing animals
as the rats,rabbits and crayfish. Da

Action of animal
kingdom.

particles of earth from the lower portion of the soil to the -
surface. In fifteen years it may produce a layer of three
inches of fine particles on the surface. The burrowing
animals dig into the soil and subsoil and throw out mater-
ial for disintegration by air and water. The burrows,
tunnels and hollows produced by these animals help
circulation of water and through its action the destrue-

Several instances can be given to show how anmal,

and ‘other parts of large animals often get buried in mud
and silt to be petrified. Protective secretions and co-.
verings of small organisms form vast masses of rocky,
material. The shells of various ses animals accumulate:

chalky deposits on the floors of the ocean are calcareous:
shields of foraminifera organisms. Some of the’sea muds.

caral islands whldh ate S0 abundant in- the oceam )
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-are formed by the continuous growth of various species
-of corals. The deposits produced by the animals may be
.phosphatic, siliceous or calcareous.

The internal agencies are busy in wearing down
higher portions and filling up hollows
and thus tend to level down the surface.
"The internal agencies on the other hand have an oppo-
:site tendency of bringing up fresh materials and of ele-
“vating and depressing the earth’s surface. The internal
, agencies are (1) The volcano, (2) The earthquake and
3) The crust movement.

JInternal agencies.

f:

Page and Lapworth describe a volcano as
V follows:—“A  typical volcano is a coni-
cal mountain formed of the materials
€jected to the surface through a fissure (or a crack) in the
~eartherust from the heated regions below. The volcano
‘has a pit shaped opening ( the crater) near the summit,
which communicates with the original fissure in the

Volcanoes.

earth-crust by a central pipe or funnel (throat or vent), .

--out of which are ejected clouds of steam, stony fragments,
ashes, dust and lastly molten lava.” When the voleano
eriginates there are terrific explosions, They produce
cracks in the earth-crust and from the cracks come out
different materials. The shattered fragments of the crust
are blown up and they return to the ground in a scatter-
‘ed condition. The gaseous material is the first to come
out from the interior of the earth. It is mostly steam.
Tt goes up, gets condensed and falls down like rain.
‘The solid’ fragmentary material consists of fine ash,.
-angular or rounded ¢ooled lava bits. The ash rises very .

‘high, and covers the sky. -1t is many times blown away.

. -
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to-distant places before it settles down. The fragmen--
-ary material is followed by molten lava (liquid rock)

~volcanoes. These naturally destroy the conical form of

“escape of vapours or gases from the surface and is many
. times porous and light. , R

dpening but is due to very long fissures throwing,out
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which pours over the lips of the crack and spreads in all
directions. The lava may be very liquid and flow to
great distances or it may be thick and accumulate in
huge heaps round the mouth. Each ejected flow has to
rise higher than the previous one and thus the voleanic
mound goes on increasing in height. It acquires a coni-
cal shape. Sometimes the central pipe grows so hlgh
that the lava stream is not able to rise enough to flow
over. The pipe or throat joining the upper mouth to-
the internal source gets chocked up. In such cases it
may break throughthe sides and give rise to parasite

the original volcano. The lava which comes in contact
with the ground and cools more or less quickly has a. "“p
tendency to be glassy, the portion above it cools slowly ». f‘
and has time to crystallise, while the uppermost portion %
which is exposedis full of holes on account of the :j N

A volcano may be a small mound or a gigantic pile
of lava with circumference of several miles. The Etna is -
87 miles in circumference and 10,800 feet high. Some-
times the volcanic activity is not due to a sindll

L

lava material. ‘In such cases the area covéred by the

lava is very extensive. The Deccan trap is suppesed to
be due to the lava thrown out from very 1ong fissures and
that is why it occupies a very large area. " The wlcanm

.

are genemlly found in lined alopg the coggst lines




the surface of the earth~crust is steep. A chain of vol-

wcanoes extends from the southernmost end of Amezicas

along the Andes, through California to Alaska. This
~ then turns round and goes to Japan and Philippines and
New Zealand &c forming a circle round the Pacific.
Java, Sumatra &cform a line in the Indian ocean. The
‘Atlantic chain starts from Iceland and goes down along

.the western coast of Africa. Thereis also one chain of -

volcanoes in the Mediterranean. Volcanoes may be
~ sactive, dormant or extinct. Active volcances are at
‘present exhibiting their activities. The dormant vol-

!

¥

«canoes are those which are not active to-day but which
swere active within historical knowledge and which may -

: ‘become active at any time. These volcanoes cannot be
‘gaid to be dead or extinct. Vesuvius is a good example
in this connection. It has been active and inactive alter-
nately between 1500 and 1631 its activity had complete- -
}'y stopped and it was considered to be nearly dead. but
in 1631 a sudden erruption started the activity. Now
and then'it isactive and not quite dermant. ~ The extinct
‘volcanoes are very old and have not shown any
activity within human knowledge. The volcanic acti-
‘vities are not restricted to the surface of land but may

“‘take place even under sea water and on as extended a
ma’le as on land.

Mud volcanoes throw out mud They might be
due to gases discharged - or might be due
to hot steam. The first type are nat wdl-
-sanoes in the proper sense of the term. They are coni-
«cal hills formed, by ‘the accumulations of mud which mixed

Mud voloanoeé

mth gases is -«bem,g tbrow:r out from an amﬁce, 'Ihe L




Indian volcanoes.
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'second type of voleanoes are found in volcanic regions.

" Due to ebullition of steam, hot liquid mud is thrown out
" from these volcanoes.

There are no active voleanoes in India. There isa
dormant volcano on the Barren Island in
the Bay of Bengal to the east of the And
man Islands. The summit of the wvolcano is about
1000 feet high above the sea level. The part of the vol- -

cano seen above water is only a small part. The base of

1he cone is thousands of feet, below the surface of the sea.

It was active in 1789 and in 1803 and since thenitis :

dormant. There are three more dormant or extinct wol-

. fcanoes,m,onﬁ,hne w;tg the Barren island volcano. In
‘Berar ther which is_suppose a

~crater of an extinct VOlcano. This has never shown any
-activity within human memory and all signs show ¢hat it

is extinct. We have a very grand instance of the e

extinct. The area occupied at present by the lava mate-

rials is very large—200,000 square miles and there are

strong proofs to suppose that the area occupied must
have been vaster still.
'On the Arakan coast of Burma and also at some

‘places on the Irrawady there are small mud-volcanoes.

On Baluchistan side there exist a few mu&-—\rolcanaes,
There is one mud-volcano near Karachi. The main con- «

‘tinent of India has no volcano, active or dormant. Vtﬂ_
‘canic activity became extinct ages ago.

’Earth——quakes are rapid undulations of tha eaﬂ.h
Bart L crust due either to ;the mcve:ment of the

L
-

- "o

-
long fissures. The whole of the Deccan trap seems fo .
. have been poured out from long fissures which are now

internal hot liquid or toa- sudden slipor .
facture of earth-»crust ina sta.te~ of great m Suﬂ-r i

o

B
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den displacement is caused which gives rise to a series of
waves which spread outwards in all directions and which,

earth—quakes. Great earth-quakes are rare, but minor
earth—quakes take place every now and then. They may
be so small as to be recorded only Dby sensitive instru-
ments, These minor earth-quakes may be as many as
{wo per day. Earth-quakes may take place under the
bed ofanocean. They then set the whole water in
motion. The waters may move outwards from the land

wards the shores rushing over the coast far inland and

_ bringing about terrible destruction. The origin of the
earth-quake lies from five to thirty miles below the surface

m abaove the fi

\?-Jwe. The dlStI‘lCt aver wh1ch an earth-quake s per-

occurs alone. The most prominent shock is generally
preceded and followed by minor shocks.

The shocks of the earth-quakés are sometimes felt
over large areas. In 1819 a violent earth-quake occurred
in Cutch, which seriously injured the town of Bhuj, and
_ *the shock of which was felt through Gujerat and even in

the Deccan. The-shocks from the earth-quake at inter-
* vals lasted for several days. Alarge extent of country
* was submerged to a depth of 12 to 15 feet while at the
- same tifne the Ullah bund, 2 mound 50 miles long and
varying in bfeadth from 10 to 15 miles was raised several
feet above the plaxn e .

-

when they reach the surface, produce sensations called -

~ for a time exposing the sea-bed and then turn back to-

and is called the focus. The portion of the earth's sux :

ment is its disturbed area. A great earth:quake never
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In the year 1897, on the 12th June a very disastrous
i  earth-quake took place in India. It was between Shil-
¥ long and Darjeeling. It was felt over a very wide area
_ The area of great intensity was 6000,square miles. It is
" recorded that the shock was felt over an area of 1,200,000
square miles. The Kangra valley earthquake which took
place on the 4th of April 1905 was also one of the mogst
violent earthquakes. The shock was felt all over nor-
thern India. Its effects were felt along two lines bet-

ween Kangra and Kuly, and between Mussocorie and
Dehra Dun. '

Although less conspicuous yet more effective is the
Crust Movement, upheaval and subsidence of large tracts.
he crust-movement causes upheaval of

‘and at some places and depression at others. This move-

crust in accommodating itselfto the sinking volume moves
up and down. The crust is thrown into folds or wrink.
les. The movement being slow is noticed only after
long periods. The effect is seen on rocks which get folds
on the areas that have sunk or have been lifted up. “The
folding of rocks exerts a great pressure on the rocks and
ilattens their particles and crystals. The upheaval and

of Sweden is at present being elevated slowly at the rate
of about four feet in a century, while a part of the Italian.
coast is sinking at the rate of about one inch annually.
Although the Peninsular portion of India has been a stable -
land-mass for very long periods yet there area few move-
ments of land along the coast Iineg The most. ,‘irfxyportant

subsidence are taking place even to-day. Thus the coast .

ment is due to ‘the slow cooling of the internal matm, |
The cooling causes slew sinking -in volume and the soligham,

\.; |
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instance is the appreciable elevation of the Peninsula.
Raised beaches are found along coast lines. The precipi-
tous face of the Sahyadri is parallel to the sea coast and
indicates that it must have been elevated. The Bombay
island is a peculiar instance of both the elevation and the
depression. Theodore Cock in his Manual of Geology says:
It is a curious fact that while much of the island of
Bombay seems to have been recently elevated above the
sea, a portion of the eastern side of the island appears to
have been depressed. During the excavation for ths

 docks at the eastern side of the island a considerable area

was laid bare, on which the stumps of tree were discover-
ed standing erect and evidently submerged as they had
grown. . These trees.belonged appar.e.ptly to the genus
Acacn and cvzdenfily' formed portion of ‘a grove which

ogrew on the spot though the bases of ’ thp trees at the

5

L enar

pert d of gl’;v dxscovery were, 12 feet below low-water
Thark... ... Similar 4ibhnees of subsidencesare found
on the ’lmnevelh coast and near .Ponflicherry. Rann of
Cutch had in- 1919 2 S}ibmdencﬁ of 12:t0" 15 feet. As a
counter effect of Thisthere was a- sunultaneous elevation
of a plain intoa mound several feet above the plane, called
the ¢ Ullah Bund ”.  Within historical memory the Rann
of Cutch was a gulf It got silted up and was also ele-
_vated by internal lift and then it got depressed into alow
lymg tract.
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CHAPTER I1I1.

IMPORTANT MINERALS, &
R e

A mineral is a homogeneous naturally? occurring

Definttion. inorgax_lic subs’gance having theoreticall.y

_ a definite chemical compostition, and in
- most cases also a certain geometrical form. It may ;
‘consist of one or more elements in definite chemical  °

proportion.  Although coal is 2 product of vegetable «

~ 'matter, by common usage it is regarded as a mineral
:substance. ‘

T

Minerals have certain definite physical properties ,
Propertics. by which they are identified. Th N
:  are:— ‘ o
V) Colour, (2) Lustre, (3) Degree. of fr"?anslucency "i ;
rdness, (5) Strealk, (6) Specific gravity.and (7)

o>

™

,Forn}.
., (1) A mineral may be colourless, white, pink, black,
green, yellow, brown,-red, blue, violet &ec.

(2) Lustre mazﬁﬁs the manner in whicha substance
reflects light. -

There are différent kinds of lustres. R e

(@) Metallic :—the ordinary lustre of metals “as
shown by copper,-ron pyrites, graphite &:c.f < A
{b)  Vitreous :—the lustre of glass. It is alsg ’
called glassy.  Rock—crystal, .rock-salt cal-
cspar have glassy luetre. PRt

. &
-

° -~
»




|
A

38

(¢) Resinous :—the lustre of resin is shown by ~** 3
pitchstone, amber &c. ,;

i

4

(d) Pearly :—Like a pearl showing play of co~ %
lours. Selenite, mica &c., have this lustre.

(¢) Silky :—Silk like lustre is shown by asbestos.

(/) Adamantine :—Resembling the lustre of the ‘
diamond. o >

s There are also other types of lustre such as, wa*«:y,
- opalescent, &o.

: (3) Degree of translucency :—When the outlines

of ‘objects appear distinct through & mineral 1t is said to

be transparenit. When the outlines appear indistinct or -~

_only some light is seen through the mineral it is said te

mbe translucent. When no light passes through a minczal %
cid to be opaque. Ea

Pa
4 v @) Hardness means the power of res¢stmgtﬁbm¢ ion
iﬁ or scratching. Mol's scale of hardness ig taken.as'a.

standard and the order of hardness is as follows, ;—
1 Tale, 2 Gypsum, 3 Calcite, 4 Fiuorspar, 5 Ap:
6 Felspftr, 7 Quartz, 8 Topaa, 9 Corundum an&
- Diamond. e

The hardness of a mineral is determined by scratch-
ing, it with minerals or substances of known hardness.
«Hardness may be tested with common substances also.
The hardness of finger nail is 25, of copper 3, of ghss
5'5 and that of sharp steel 6°5,

. (5) Streak means the colour of the powder. The "
~colour of the; powder is somatimes different from the. :
-~ colour of the mlneral crysta,l T 7028S..
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(6) Specific gravity is the weight of a body com-
pared with that of an equal volume of water. This is
determined by any of the usual methods given in physics.

(7) Form :—Minerals assume various forms such
:as amorphous, crystalline, granular, platy, fibrous &c.

1 A crystalis a solid definite geometrical form which
’* ‘mineral matter assumes. Crystals are bounded by sur-
' ‘#  faces which are called faces. Intersection of two ad
~ cent faces gives an edge, while the intersection of three
'or more faces gives a solid angle. - The axes are mathe-
matical straight lines intersecting each other in the '
; terior of a crystal and connecting the centres of apposma ‘
4 . fiat faces of the crystal. i
e
i

: There are many varietigs of crystal forms btﬁi them\
F may be reduced to six types each one being distinguish sd ‘ﬁ‘
' from others by the number and position of its BXGR )
b These are as follows :— : \ ,

% ; , 1. Monometric ( Isometric, cubical, regular) :—The
"’ axes of monometric crystals are all equal in length and
mtersect each other at right angles.

2. Dlmetnc ( Tetragonal ) :—The axes of dimetric *
«crystals are at right angles to each other. Two of the ‘
axes are equal in length while the th1rd is longer or shor-
4er than the other two. e

3. Trimetric (Rhombic, Orthorhombic): S—The three’
axes of trimetric crystals intersect at right ‘mgles but arc
all unequal in length. . ;

4 Monochmc.—-—»Monochmc crystals havefsl thexr: =4
K .axes unequal and one of then) soobhgue. EER .

e
5
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2 Triclinic;—Triclinic crystals have all the three
‘axes unequal and oblique with each other.

6. Hexagonal:—Hexagonal crystals have got four

is at right angles to them may be shorter or longer. The
three axes make an [angle of 60° with each other.

In identifying a mineral it is always safe to Wnte
PR down all the physical properties and then
ﬁﬁ:ﬁﬁmn °f refer to the tables given; but many times
it is easy to identify a sample by a process-
of elimination. From the celour of the mineral we are able
togearrow down the sphere in search for the name. Nex
ta colour hardness is the property which allows us to
‘ narrow down the sphere much further. If we take only
; J"( 3"‘13ho_se;3 minerals which go to form important TFocks
5 _we can proceed as under.
PO
S

"Colour:— The mineral is colourless. If the hard-
ness of the mineral is 7 then it may be rock crystal. Fur-
ther confirmed by the hexagonal form of the crystal and
striations on the side of the crystal.

Hardness 5 with many. times ncedle shaped crystals
indicates zeolite.

Hardness 3, heavy to feel may be byrites; efferve-
. sehce with hydrochloric acid shows calcite.

» " Hardness 2 or less, crystals or thick plates show gyp-

_.sum; flexible plates indicate mica.
Colour:—white.
: Hardness 7 indicates milk quartz.

v - Hardness 6 shows felspar if it has flat faces, opal if
it has’Opa?lascent 1uatre. f o

axes three of which are equal while the fourth one which -
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V"Hardness 3, heavy to feel is byrites; quick efferve-
scence with hydrochloric acid is calcite ; slow efferve-
scence indicates dolomite.

Hardness 2, fibrous, with silky lustre is asbestog
Colour:—Pink.
Hardness 7, crystalline is rose quartz.
Hardness 6, flat face crystal is felspar.
Hardness 5, is zeolite.
Colour:—Black.
Y Hardness 6, attracted by a magnet is magnetite.
Varying hardness, black streak, not attracted by a magnct
is manganese ore. Greenish white streak is hornblende.
Imrdncss 2, flexible plates is biotite.
“Tardness less than 2 with metallic lustre, soapy fee”
is graphite. g
Colour :—Green. Lo
Hardness 7 may be prase, with red spots’it is bloop K
stone. ’
Hardness 6 with yellowish grsen colour. is augite.
Hardness 5 with large crystals may be apophylite!
Hardness 3, yellowish green, needle like crystals is
actinolite.
f °  Hardness 2, deep green plates with pearly lustre, with
V smooth feel is chlorite ; with earthy lustre glaucomte.
light green with soapy feel is talc. . )
Colour :—Yellow. = * N3 28
Hardness 6, brass yellow in cubes is iren pyntqs\
Hardness 3 to 4, peacock colour; grggms)mlagk.s#regy
is copper pyrites. LN . - 4 -

. Ny ry -~
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Hardness 2, with resinous lustre may be sulphur.
Colour :—Brown.

Hardness 7 may be jasper; with opalascent lustre

and hardness a little less than six may be opal.

Hardness about 5 with cherry red streak is hema-

tite, with yellowish streak is limonite.

Colaur :—Red.

Hardness 7, quits opaque may be jasper; green and

red may be blood stone ; bright red transparent or tran-

slucent is carnelian.

Colour :—DBlue.

Hardness 7 may be fint.

Colour :—Violet.

«  Hardness 7, crystalline may be amethyst.

/It has been estimated that ths crust of the earth is
ade of the chief minefals in the following proportions ,—

| /‘,I’l‘1 Pelspar 48 percent, Quartz 35 percent, Mica 8 percent, .

{ Talc 5 percent, Carbonates of Lime and Magnesia 1 per-
3

cent, Hornblende 1 percent,-and others 2 percent.
Minerals are classified Jas elements, oxides, sili-

| cates, 'carhg’x;ates, sulphates, sulphides, phosphatﬁs,
3 chlomdes &e.” 3(\
s /
Iy
' *’J SRR I
“ \““ N e
\‘*—’l ;‘” . - : ) -~ ; :
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Name of Compo- Transe
mineral. sition. Colour, Lustre. | peency.
!
ELEMENTS.
1 Graphite Carbon Dark gray to} Metallic Opaque
black. ’

: @ Diamond Carbon Colourless, | Adaman- | Transpa< -
frequently vari-| tine rent to
ous tints i opaque

8 Sulphur Sulphur | Shades of Resinous Trans-
: yellow. . (lugent
[ 11 Oxms . . ‘
i , / : o ¢ -
- MW Quarti¢ or |Silicon di- IR
7, siffea joxide gt <
€ W B

; Four groups of this mineral consist of (1) Rock crystals "z‘;pd itg
3 varieties (2) Chalcedony an d its varieties. (3) Jasper and (4) Opal.

! (1) Reock cry- ¥ i

stal with | - : 5

: hexagonal o
varieties Lo o ¥

{a) Rock ery- o Colourless
© stal. )

(b) Amethyst ‘Purpl‘e, violet

-
~ {0) Rose qu- Rose
.. QYR - ! .

Vel :
£ (@ Milk qu- White

¢ 5*:{2) 'Chalcedony “Yranslus-
"~ =, |tent, Bemi-| - :
¢Pystailine {




/
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e
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Hardness Streak Sp. Gr. Form Locality
1 Vizgapatam p
1to 2 Dark gray 2 ; Ocljio;g;,lonly Chiptisgarh.
ranul a;: Coorge, Goda=-
& vari distriet..
10 None &5 Octahedral |Panna, Bhagan-
ralli &ec.
1462 White or 9 Crystals or|Barren Ishmds.\(
yellowish massive Balachistan &
i 2510 28
-
L)
Tanjore, Goda= |
o vari-beds, Des~
can Trap. i
|, Jabbulpore
Tanjore
. K [ T _é’ x
¥ ’ . 3 ~ ) 2
0 ..
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n

|
i Name of Composi- : Trang-
mineral tion Colour Lustre | luoeney
(a) Carnelian Pale to deep-
red.
{b) Prase Dull green
{c) Agate Layers of Banded
two or more
different ocol-
ours
‘ ) Tmnsh;l-
~{d) Moss cent wit
X @ agate moss like
appear:
| ance in
gide
: . | Blue, smoky
{(e) Flint _ or brown.
- ' .+ | Showing small
1) B’loodstqne ‘" | spots of bloo-
or Helio- dred jasper
trope * ;
! . Opague
~ {8) Chert im~ EER
pure flint, o
M Dull red, ‘Opague
-3 Jasper brown, yellow
PR ) _Opal com- All colours. Greasy
™ pact amor- . vitreous
7 phoes variety
R .’f -
t -9 Dxides of Opaque
I




Ay ‘? S
S e Hardness

Locality

Cambay.

o
Nilgiri

: v
Rajmahal Hills-

Morvistate and W k

beds of Godaw .
variKrishna,
and Bhima. i

C‘uddapah Ba»
galkot, Jubbal~-
pur &ec.,

Deccan Trap.
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Name of Composi- Trang-
mineral tion Colour Lustre lucency
o z
(1) Haematite Fs0, Steel gray, |Metallic Opaque
- black, red earthy
r ~/(2) Limonite 2Feo04 Yellowish Sub- Opaque
SHo0 brown metallic,
: . : dull,
{2) Magnetite Foz0, Black Metallic Opaque
"6 Manganese Mnl, Black Metallic QOpaque
to earthy
%7 Aluminium Als0s All Colours | Vitreous | Transpa-
Oxide ; ‘ rent to
-Corundum j translu-
: : cent.
1 L
k ‘Bilicates
ey , . I
A s paass | Vitroons | Tronshn
| opagque
'Varietiesbf :
- Felspars:—
T S e R .
| % 1) Orth . :
B V’ ") Otglioclase Potassium | Flesh red or
; ~T aluminium white
Al % silicate
f W Pfag;bolasa'. V
f /% . ..group
& % nE tn e ’ .
 ~H@7Albite, oli+| Sodium |  White
: clase and| aluminium | -
\ rite | silicate |-
w"‘@' ad, %4«’;1_
X




g
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Hardness Streak Sp. Gr. Form Locality
55to6'5 |Bright red | 45t05'3 |Crystalline | Jubbalpore, w'/ :
to reddish : granular or | Gwalior, Penin-
brown massive sular India
5to 55 Er z}'};wish 36to4 |Concretion-| Largedeposits
ary,massivel in Peninsular
‘ 1 India, ‘
55t068 |, 49 to 52 Deccan trap, **
Lower Sind
2 to 55 |(Black 48105 |Crystalline | Kaladgi, Bell-
granuolar or | ary, Jubbalpore
massive &e.
9 White 39to 416 | Orystalline| Salem Dist.
Mysore, Rewa.
woo .
4
& vitiite 5 Orthooase "‘ énite, Gneiss
and.trap‘!ﬁ;m‘“‘“
plagioclase |
@ oup tricli-
. nie crystals
b
X*:?«,‘yw# ‘.‘} | € x
£ Rt
| . ' .
% A A
; .‘ o
o g ; E ‘ 2 fi : \'/\
R % ) ™




48

Name of Composi~ Trans-
mineral 9 tion Colour Lustre | 1y cency
‘ %/a ') Ansy&:ite Caleium Gray or red-
‘ aluminium dish
25 I | silicate
Aolites White, some-| Vitreous, Transpa=
: times reddish | pearly rent to.
*y pinkish or opaque
eon
. Varieties of
Zeolites
" {1) Stilbite Caleium
i sodium
aluminiom
silicate
(%) ngiandite Caleium
aluminium
silicate
(3) Apophylite | Potassium
i : caleitm
; silicate
v oS |
hf 10 Mfoas Vitreous, Trans—
v JE pearly parent.
£ '
’ Varieties of
Ao lgicaa _ *
* (1), Muscovite | Potassium | Colourless to
/M} .aluminium | light tints
g *+ gjlicate |
g = : i
e ‘ :
\ .
* e
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—— e
i Harduess | Streak Sp. Gr. From Locality
P~ |
- — ———— R
ol %
:
; { y 4 to 55 2:3t0 24 ) Trap areai o
- 3
|
{ Monoelinia
s { crystals,
| } sheaf like !
i ? u;‘u.:he?i or|
. P radiats, !
A | @
': Monoclinic . L S
{ ; crystals |
| ' 5
| |
{ Prismatic,
I cubical or
L tetragonal
orystalg
¥ o . ' Mica sohigt f
. 2403 White | 271031 Scales or the pei‘; 18 8 o
Plates, Nolloro digs. s¢e .
o adrag and .
P ‘Gaya ‘Hazapj-
bagof Benga.] J
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¥

‘ .

Name ofthe | Composi- + Trans-
mineral tion Colour Lustre | g, cency
Y
/ *
; \/(2) Bigt)'(e Potassium | Black dark
o msgnesium | brown, rarely
iron alumi-} green
o nium gili-
i / / cate
- Y11 Amphibole | g 4i0r Po. Greenish to
"rH"’{&g&l?nde tassium cal-| black
SRS cium mag. . .
nesium ma. Vitreous Translu-
nganese to silky cent to
iron alumi- | opagque
ninm sili- }*
Jcate
Varieties Green Transpa-
{1) actinolite rent long
) - crystals
W A2) gmphibale ki
f i ocourring in
A long, flexible
B silky fibres is
known gs as-
 bhestos - "
& 12 Augite Caleium, | Light todark | Vitreous | Translu=
i Magnesium | green cent to
aluminium ' opaque
” . iron silicate
*
S : i
v \‘}w/ 13 Chlorite Silicate of | Green with pearly Transhz-
) . aluminium } various shades cent
. magnesium : g
- . and oxide |° !
o . of iron ; :
/ S . .
85 @Tﬁl" .jmagneciam | White, licht | Waxy to | Translu-
ey ‘| silicate green orred | pearly cent
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A L#
‘Hardness | Streak Sp, Gr, Form Looslity
5t06 | Whiteto | 29t034 | In the Geissic
greenish and schistose
rooks
. e
"6to7 | Whiteto | 33to35 [Crystalline, | Merwar, Rajpus
greenish granular or | tana, in Gaﬂq» :
massive | wal, in the Uni~
‘ . {ted  Provinces
and in Mysere
O . . 1 State. - A §
B 22 Greenish | 26 to 2'8 Inplates |prap ang gnei~ "~ .
white with greasy| ghic a rea ¥
. fesl .
1 ‘White 25 t0 28 Foliated”og In several alter L
: ' massive hasl ed and metam-
. . soapy feeldy orphic rocks
. 3 & !

o o
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Composi-~

&
£

Varjeties _
~(1) Selenito

¥

ous

Name of Translus
mineral tion Colonr Lustre cency
- ¥
1 5 Glauconite ; Potassium, | Green Vitrious Opaque
caleium, {0 earthy
magnesium
aluminium
iron silicate
: Carbonatea
Vitreous | Transpa-
3 Oilf{te v (}'a;giumt w(ljx‘i‘é:‘:)rrlﬁéh to earthy rent
’ ua* onate | i odes
S Colourless
; (g?g:ﬁe;& and flawless
1 spar '
& {2) Satin spar
] is fine fibrous
i with ailky
1 yg lustre
b 3) Dog-tooth
spar is acute-
1y pointed &
often rounded
oo’ .| Double car-| White or Vitreous | Transhu-
gl D"“’“,“‘“ | bonate of | with shades |to pearly or| cent
caleiia and|. earthy
magnesium AL e
Bulphates o : ‘
i 1
- ) ¢ . .
A8 dum. ™ Calei ‘White with Pear.,y, Trans-
/R gypsum 3. CIUM \garious ti i i
A i arious tinges | silky; vitre-| parent
a .|, sulphate |Gy on impure "
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e T m
Mg ‘Hardness Streak Sp. Gr. Form Locality
i (U S S i M
TR L 2 Greenish | 22to 24 Crystalline | Found in trap,
or granular | many times as
| a very thin
vl . coating
. W
3 White #6  |Crystalline| Almost every #
or grannlar { where
- %
4&_‘ &
i
White 28 Granular or
massive or
orystalline
{ i / :"f“:
White 23 Monoclinie | Sin , Trap area ™
orystals, Cuﬁﬁh Jodhapur £ |
- | granular or} &e. .
massive’!
] - . \ L
— —
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g 4

i Name of ConﬁPOSi- Translus
s 5 mineral tion Colour Lustre ency
M -
h {2) Satin-gpsr
i with silky
lastre
{3) Alebaster
white, finely
granular
%“ﬁ ”;‘,19 Barytes Barium White Vitreous | Transpas -
i i sulphate rent to
' S opaque
Sulphides
%0 Iron i{yrita Iron Pale to brass| Metallis Opaque]
PR Suiphide | yellow 1
oL Coxii)ar Copper Bright, gree- Metallic Opaque:
. pyrites sulphide nish yellow
Caloium  |Various noloﬁrs Vitreous Translus=-
phosphate | ; . 7= resinous | °°nt to
withsome | | . or dull opaque
chloride & Tt e .
fluoride. oS :
A Phosphate | 7
° rock found .
" tmassive has
1 2to 5 hard~ :
oomens bk, E
. A ] Kty i1y
o i e
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Hardness Streak Sp. Gr. Forﬁx Locality
1
i
]
3 White £3t056 |Crystalline| Salem, Jubbal

pore }
. ~ |
6to 65 Greenish 5 Isometric Various parts i

black cryastals, | of India. Near

granular or| Kalabagh on

massive the Indus, it is

. abundant, in

35t04 Black Crystalline { ghales.
or massive
I
i
|
. 3 Hexagonal iy
3 White crystals or |
massive f
,‘,"{‘ ..p
, 4 d
. o |
Oy L
ﬁfriuhiuopa!iy ;
* R vf Ll
0 ; K R
. .& s 7 ~}« .
. K .




CHAPTER 1V.
R | S
IMPORTANT RoOCKS.

«/ Arock may be defined as a mass of matter (‘gegggz
ally inorganic ) composed of one or more minerals, having
for the most part a variable chemical composition, with
_ no necessarily symmetrical external form, and ranging in
.cc‘;he’sion from looss or teebly aggregated debris up to
the most solid stone. Looss sand, coal, limestone, trap,

C like each other are all rocks., o

6&&3 are classified into three main classegi-
(1) Aqueous, (2) Igneous and 3) Me‘tamorp‘hic.

- 1. Aqueous rocks are formed by the action of water.
They are also called sedimentary because they are made

upof sediments and are called stratified because they
are in strata or layers. ' IR g

2. Igneous rocksare fqmied by the action of haat
They are also called crystalline because they are made

ge # @0 ostals and are called massive becau

not in layers but in masses. B g
= 3. Metamorphic, rocks are formed by change either
Wgueous or in the igneous rocks. .

. The fo
a"_ig‘fescribifng ; e
e %Primary mineral is a mineral which is an
essential 6nsti-tpe:ixt of the rock. It is formed with.

e

@ﬁ:ing are a few important terms used in
rocks:— . N




- Granite rock is made up of felspar, mica and quartz and

~of an onion, when it begins to decompose.
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(b) Secondary mineral is that mineral which is de-
‘posited on or in the rock after its formation. A mineral
may be both primary and secondary in the same rock.

quartz is therefore a primary mineral in granite because
without it the rock will not be g granite. After the
formation of granite quartz may be deposited on it. This
deposited quartz will be a secondary mineral.

2. Prophyritic rock is composed of a finely crystal-

line ground mass in which larger crystals of felspar &ec.
are dispersed. :

3. TFoliated rock consists of minerals that hav
crystals approximately parallel, lenticular, and with
usually wavy layers or folia.

4. Concretionary rock consists of mineral matter
collscted round some centre so as to form irregularly
rounded mass. Concretionary trap exfoliates like peels

. 3« Vesicular or cellular :—In many igneous rocks

the expansion of internal steam, while the mass was still

in a molten condition has produced vesicles or cells. Such
rocks are called vesicular.

. 6. Amygdaloidal :—When vesicles of a rock are
filled with mineral matter (amygdales =almond ) Af
-are called amygdaloidal. /.’/ yofd
7. Dendritic rock is ope which has’ dendrites./  §
Dendrites are deposits of some metallic oxide of irom or |
manganese formed on minerals or rocks. Many times
‘these dendrites present a strong resemblance to vegeta~
ble forms as to be readily. mistakf:n for fossil plants.. wan

1 3 s

L ]
1
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‘ 8. Beds of aqueous rocks are called; strata. Each
stratum may be made up of subordinate layers called
laminae.
9. When the beds are tilted they become inclined..
The amount of inclination or the angle which the inclined
rocks make with the horizontal plane is called the ¢ dip’.
" This can be measured by a clinometer.
 10. The line of direction followed by an inclined
bed in crossing thE surface of the country is known as.
its ‘strike’s .
o 11. Uzzi crop is the actual edge of the inclined:
: f‘ stratum at the surface of the ground.
" 12. Due to the crust-movement the rocks get a
wavy or an undulating form. The portion which is
‘pushed up is called an ¢ @rck’ and the portion whichis
depressed is called a ¢ trough’. Each such wave formed
¢fan arch with a companion trough is known as a
¢ Geological Sold. '
13. ¢ Vem, of an igneous rock means a4 naIrow
band or string of igneous rock Wthh fills up an 1rregular-
and narrow fissure or a crack. _
14. A dyke is a wall-like mass of igneous rock.
ﬁ]lmg upa vertical fissure with parallel Walls.

Agurous ROCKS.

inding material in the consohda.ted rock of aque-
% ous ongmask formed from one or more of the follow-

* ing i— (8) silica ®) lime and (c) iron oxide.
. ’l‘ Aqugous n@cks are divided into (A) arenaceous or
aceous +or - clayey (C) Calcazreous and




T e

Sandstone layers, forming a shallow trough and an arch on the left
side of the gorge of the Ghataprabha Fatls,

- v S
: . -
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(A) Arenaceous loose rocks i—

1. Shingle is composed of large rounded pebbles.-
2. Gravel is a misture of angular and water warn:
fragments.
Arenaceous consolidated rocks :—

1. Conglomerate is composed of water worn peb--
bles. Fragments may be of any rock.

2. Breccia is composed of angular fragments...

3. Sandstone is composed of consolidated sande.

4. Grit is composed of sharp and angular sands.

(B) Argillaceous loose rocks .—

1. Clay, mud &c. are sediments.

2. Kaolin or china clay is produced by the decom=-
“position of felspars.

3. Pipe clay is clay free from iron.

4. TFire clay is clay free from lime and alkalies.

5, Fuller's earth is greenish earth not plastic and .
consists of aluminium cilicate with some magnesia,.

6. Laterite isa cellular, reddish ferruginous clay
formed in tropical countries as the result of sub-aerial

decomposition of basalt, granite &c. It acquires hardness -
on exposure. '

Argillaceous consolidated rocks are :—

1. Mudstone is of greater hardness than any'fcrmf; .
of clay.

2. Shale is a somewhat hardened argillaceous rock.
which is stratified. T

~ (C) Calcareous rocks consist mostly of calcium.
carbonate and are designated by the* getteral term lime=

." L Y ’\\X‘

]
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stone’. Other names are used only to indicate formation
-such as chalk, stalactite &c. A limestone may contain .
magnesium carbonate along with calcium carbonate when
it is called dolomite or magnesxan limestone.

W{D} szrbomcmus rocks include all the varieties
of coal.
GNEOUS ROCKS!:

Igneous rocks may be classified accordmg to the
percentage of silicic acid ( silica ).
(&) Acid rocks contain silica above 65 percent.
The characteristic minerals of thess rocks are orthoclage
- felspar, mica and free quartz. The mica may sometimes
be replaced by hornblende. The nnportant rocks are :—
I.  Granite, an aggregate fof crystals of the above
.minerals, Giant granite contains large crystals, micro-
granite contains fine crystals, Gramte may sometlmeq
be porphyrmc :
Rhyohte lias fine grained minerals with flow
: structure Tlike that of furnace slag.

3. Qbsxdmn iIs volcanic ghss having the above
‘minerals.

4. thchstone has the above mmerals not crysta—
1lised and has resinous lustze.

®B) Sub-acid rocks contain silica from 60 to 65
- pércent having orthoclase and hornblende as thé chara-
cteristic minerals. Hornblende may sometimes be re-
“placed by mica.
1. Syenite is distinctly crystalline.

2. Trachyte has a rough and harsh feel on fractured
ﬂsw%‘ace, contaiirs minute felsPar erystals




R A Rocks. N

Concretionary ) Laterite, .
Trop. .
v P
_*., .
. . =




N
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(IR

(C) Sub-basic rocks contain 55 to 6o percent silica.
with plagioclase felspar and hornblende as characteristic;
minerals. '

L. Diorite is a typical rock of this class.

(D) Basic rocks contain silica from 45 to 55 per--
cent. The characteristic minerals of this class are plagio~ -
clase felspar, pyroxene and magnetite with sometimes-
olivine,

1. Graniteid or large grained variety is gabbro..
Racks with small crystals include the following :—

2. Dalerite when the crystalline matrix is visible

3. Basalt has microcrystals and is compact.

The various varieties of trap will come under basic--

- vocks with small crystals. Dolerite and basalt both can

JDe included under the term trap. Some of the varieties
of trap are :—Vesicular, amygdaloidal,  porphyritic
concretionary &c.

ALTERED AND METAMORPHIC Rocks.

Both aqueous and igneous rocks may undergo altera--
tion after their original formation. The alteration may be

produced by (1) water ( hydro-metamorphism ). (2) Heat.

" (thermo-metamorphism ) or (2 ) Pressure (dynamo-meta-

maerphism ).
(1) Sandstone may become consolidated by infilte--

- 7ing of some cementing material. The hardened sand
. stome is called quartzite. ’

@) Great masses of igneous material in, a molten.
state may. come in contact with the original focks and'

 may change them.into'fused'or crygtaline sockiT Sand:




-
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ratone may become a quartzite, or a limestone may become
-4 crystalline marble,

(3) Imresistible pressure is produced by the crust
movement and the rocks get pressed and flattened. Shale

‘may in this way be changed into a hardened slate.

The pressure of the crust movement or the pressure -
produced by the molten material that may inject itself
into any original rock has one great effect on the crystal-

Iine rocks. Their crystalsare flattened. These flattened
~crystals become folia ( leaves ), thick in the middle and

‘thin at the edges. The edges overlap each other and
‘hence rocks whose crystalline material is in a flattened
-or foliated state are known as foliated rocks.

There are two groups of foliated rocks. In one
group the crystals are only slightly flattensd and are nat -

-separable into folia. A rock of this type is called a gneiss.

The term ¢ gneiss’ refers to the foliated condition and
not to the composition of the rock and hence a gneiss with

‘granite, minerals will be granite gneiss and one with
- diorite minerals will be a diorite gneiss and so on.

In the other group of ths foliated rocks the crystals
are very much flattened and ths foila are easily ssparable.
The rocks of this type are called schists. ¢Schist’ isa
term which refers to ths foliated condition of tha rocks.
A schist may according to the most prominent mineral or.
“rock forming it, be called a talc-schist, quartz—-schtst ar
diorite schist &ec. , ,

. In identifying rocks the work will be easier*if some
. system as given below is followed—

) Identification of

Crocks . 1. A fresh fracture shows the rock

s 4 tobe close—gramed dull, with ‘no dlstmck'

'e’éﬁ«ndfs—ﬂ. e .
N |



Haematitic guartzites nearly vertical in a Quarry near Gadag,
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(@) Soft, crumbling, emits earthy smell, does not
effervesce with acid, it may be of any
colour as red, yellow, white, brown &c—
then it may be shale or fire clay. If a little
bit hard it may be clay slate.

(&) White or yellowish, brisk. effervescence with
acid, itmay be some variety of lime stone.
(c) With feeble effervescence, which is vigorous
on powdered material—may be dolomite.
(d) Brown to dull black in colour, slowly dissolv- -
ed by acid—may be some iron are.
(¢) Black with weathered crust yellow .or brown
—may be trap.
2. A fresh fracture shows the rock to be fragmental.
According to the size & shape of the fragments the

rock is classified as conglomerate, breccia, grit or sand-

stone.

The cementing material may be lime, some iron
oxide or silica. If a drop of ‘acid produces effervescence
it indicates the presence of lime.  If-the grains show red~
dish, brownish &gc# colour it: is-an indication of the

. L M : o .
presence of iron-oxide. ‘When the matrix s exceedingly
hard, white in €olour it is probably siliceous. ‘“% s
. ‘;' » . " .i'-‘,l‘ ,’.p’»

3. A fregh.racture is crystalline. & i .

) “' - ) - ';,-“ f ¢
If the companbnt crystals are. sufficiestly Iarge there
. TR T S e -
Is no difficulty in ideptifiyifg them. "If the rock has very
minute crystals it should bé tested for its hardness.
(¢) If it is easily scratched with knife.

(1) Effervescence with aci%-—-.limesto;xe. i
’ . "’ "‘l'

. ‘ . o~
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(2) Effervescence only on poWd3r~ddlomite,

(3) No effervescence—gypsum.

(&) Iftherock is not easily scratched it is some-
silicate. If it contains magnetite it is some
variety of trap such as dolerite, basalt &c. .
Ifit contains quartz crystalsit is’ granite A
thyolite etc.

4. A fresh fracture shows foliated structure. o
@ When slightly foliated—gneiss. %
(&) When highly foliated—schist.




CHAPTER V.

Rock SvysteEMs OF INDIA Vr

For geological purposes India may conveniently be

7 divided into three parts :—(1) the great Indo-Gangetic
- alluvial plain including the Punjab, Sind, Upper India
and Bengal, (2) the triangular portion of the peninsula
lying to the south and (3) the extra~peninsular area

consisting of the hilly countries west, north and east of
- the Indo-Gangetic plain.

The Indo-Gangetic Plain consists of the alluvia]
material brought down by such rivers ag the Indus, the
Ganges &c. The peninsula has been a dry land for
ages and has undergone but little change in recent years.

The extra-peninsular area has undergone great-compres-
- sion and disturbance. ’

Historically rocks are classified according to the age
of their formations. In India we have the following

systems. (The formations of the extra-peninsular area are
not included here.) :

[ 10 Recent Alluvium
» 9 Older Alluvium

Q"

8 Laterite

Aryan -3 7 Tertiary
, B 6 Deccan Trap
5 Coal bearing Strata, #undin Cent.-
[ . ral Provinces, Bengal_&c. .

¥ g

- L
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Dravidian { Absent in the Peninsula
Group
Puran {,4 Vindhyan

Group 3 Cuddapah

2 Dharwar or transition
Oldest { 1 Crystalline gneisses and granites.
1. The oldest rocks in India are the granites and
the gneisses which accupy a larger area
in the Peninsula than all the other rocks

| ‘Gneisses.

g put together.. ‘

} " These are found occupying a very large portion of
the Madras presidency. In the Bombay presidency they
are found in Belgaum, Dharwar, North Kanara and Rat-

nagiri districts and in some parts of the Baroda state, the
Panch Mahals and the Aravali hills of Rajputana. These

Chota Nagpur. These rocks consist of felspar, quartz,
mica or hornblende. Secondary minerals found in these
rocks are chlorite, epidote, kaolin and sometimes acti~
b nolite, corundum and apatite &c. '

i _The granites form excellent building stones. They
& take very good polish. Decomposition of felspar in
* granites and the gneisses yields kaolin. 7
1 ~ . 2. Dbarwar system is also called"ﬁ
’ o System. As found at/ present in the
k Phaewac fyst?m' Bombay presidency and th - Mysore state,.
_ It occupiesa series of long bands of highly disturbed beds
folded and faulted into the gneiss. The bands extend
from the sotthern limit of the Deccan trap to the Cau-
valley. ‘Besides these larger bands ‘there are somes
j ~ pEnET Y AR P

rocks are also found in Orissa, Central Provinces and

the transition '
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woutliers like the gold-fields of Kolar. The rocks ofthe
~ Dharwar system are hornblende and chlorite schists,
phyllites ( clay schists, with contemporaneous trap, dio-
rite, banded jasper, schistose slates and haematitic quart-
zites consisting of alternating layers of haematite and
quartzite. The Dharwar system is important because
this is the system which contains gold in quartz reefs
in Southern India. This system is also met with in
Central Provinces, ( Jubbalpore &c.) Gwalior, Bijwara
and Aravali region.

- 3. Next to the Dhawar system in age is the Cudda-
; Gudddpsh and pah system and over it the Vyndhyan

F, z;sgmsdbyan sys- system. These two systems differ but

 § - wvery slightly from each other. The
: ? ‘Vyndhyan is newer than the Cuddapah.

Cuddapah system gets its name from the town
Cuddapah in the Madras presidency where the rocks of
this system are found occupying a large crescent, shaped
area. In the Bombay Dazccan the rocks of the Cuddapah

' system are found in a basin called after the Kaladgi town.
' From the Krishna below its conflugnce with the Ghata-
prabha, the Kaladgi rocks stretch continuously westward
ore than 100 miles. The rocks of the Vyndhyan
n are found to a cartain c*ctent over the Cuddapah

GWahor &e. : 5

- .| The rocks of this system are shales, sandstones, con-
glomerates, breccias, limsstones, slates &c. The Vindhyan
ﬁystem ‘contains the diamond: bgarmg stmta. _of India.

“he

E]
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The sandstones form excellent building stones. Shahabad
“and Cuddapah limestones are used for flagging.

4, Above the Vindhyan is the coal bearing system

of India known as the Gondwana system..

ﬁ‘;’;‘_‘i“’ana 898 The rocks of this system are found in ‘
Central Provinces, Bengal, Eastern coast

&c. Small exposures are found in Kathiawar, Cutch and:
Western Rajputana. The rocks of the Gondwana system
are shales and sandstones full of coal layers. The soils.

of this formation are poor.

5. Atthe end of the Gondwana period a great.
revolution in the physical geography took

place. The Gondwana land was broken
up. On the northern side, "the rise of the
Hymalayan range took place while in the Peninsula
igneous action on a tremendous scale poured out lava
material over a large area. The present trap areaisa
remnant of that igneous action. It is known as the
Deccah trap area. At present the trap occupies an
area of over 200,000 square miles covering Cutch, Kathi-~
war, part of Gujarat, Deccan, Central India, western parts

of Central Provinces and the Hydrabad state. The trap
consists of lava eruptions coming out from fissures and
cracks in the crust of the earth. There were three dis-

- tinct periods in which the lava material was thrown out.
Between every two periods there was enough time for the

~ lava to cool and allow the formation of rivers and lakes
*  and allow plants and animals to live. These plantsand _
* - animals aré found asfossils in rocks known as intertrap- -

ean because they are aqueous rocks: found between trap
yers Indm&nal Iava layers vary in thickness from.

Trap.

~ -8
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"#10 to 25 feet and sometimes to 50 feet. Total thickness

'

oftrap on the coast of Bombay is estimated at 10,000
feet. The word trap comes from a Swedish word which
means steps. The trap 'hills which consist of horizontal

lava layers present a step like appearance. Between the
trap layers sometimes red coloured earthy material is met

“with. It is known as red bole. The colour of the trap

- s

J

Lo

i

rock varies very much—from black colour to gray
light red or light green. The texture also varies from
exceedingly fine grained basalt to coarsely crystalline
dolerite. Vesicular trap is not uncommon. The vesicles
are many times found filled with such minerals as calcite

‘quartz, zeolites &c. and the rock is then called amyg-

daloidal. The primary minerals of trap are the felspar,
pyroxene and magnetite. The secondary minerals found
in trap are:—The different varieties of quartz, zeolites,
felspar, calcite and glauconite. Between the layers of
traps sometimes fossiliferous beds are met with. These
are known as intertrappean beds. The trap yields good
and strong building stones and material for road-metal.

i Newer than the trap and in some places overly-
ing it are rocks found in different parts
of the Bombay presidency. They are
called Tertiary. Inthe Surat and Broach districs ferru-
us clay, sandstones and limestones are found. Some
« ‘limestones contain fossils of the nummulite
types. In Kathiawar there are Dwarka beds consisting -
of clays and sandy limestones. .Similar rocks are met
with in Cutch also. In Sind Tertiary rocks are met with :
in the hills of Kirthar, Laki, Suleiman &c. The rocks are
of aqueous  origin consisting of shales, sandstones and
limestones many of which are fossiliferous, =~ -

»‘ Ve ~
i .

S ®

Tertiary system.
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7. The laterite is newer than the testiary rocks.
Laterite is an argillaceous or clayey
; rock with a large number of vesicles
or holes. Itis soft when freshly dug out but hardens.
on exposure and is therefore used for building. Itis
composed of hydrated oxides of alumina and iron and
sometimes contains oxide of manganese also. It is red,
= yellowish red or mottled with white spots. The colour
i is due to iron. Although the laterite is generally found
] distributed on the tops of trap hills in the Decean, Cen~
tral India and Central Provinces, yet it is observed on
other rocks and formations also. The laterite is of two
types the high level laterite found on situations above
2000 feet and the low level laterite found on coastal areas
f The low level laterite is of detrital origin and is formed of
! the products of disintegration of the high level laterite.

Laterite.

v

L Therc isa good deal of dispute with regard to the
! fm‘mauon of thelaterite. It seems to be a subaerial de-
0 composmon in sitw of various rocks under a warm and
8 bumid climate. * -Ufider these conditions the. silicates = |

- decompose, the silica- is washed away and the hydrated -
©  oxides of aluminaand iron are left behind. This de-
compqsmon is supposedto be helped by certamorgg isms,

8 The Indo-Gangetlc alluvxum extends ove; 300,000

B _square miles and includes Smd Rajapu-~

%%:;ggffem tana, the Punjab, the United Provinces, .
k 2 b Behar, Bengal and part of Aassam. It
_ seeins batpngmally there was a depression at the foot -
in nnected withthe upheaval of those
spression is now filled with the waste - -
kness of this matena.l is ovet,‘_ o
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1000 feet and consists of silt and full of lime. The
material is brought down by the Indus, the Ganges and
the Bramhaputra &c. There are evidences to show that
these rivers have changed their courses from time to time.
The Indus for instance, flowed once into the Gulf of
Cambsy, then in the Rann of cutch and now in its
present place.

9. Among the recent alluvial deposits are those
found on the banks and at the mouths of the rivers Nar«
bada, Tapi, Godavari, Krishna, Cawery &c. They include
~ the black cotton soils of Gujerat and the Deccan.



CHAPTER VI.

—_— 0 e

FORMATION OF SoILS.

’/\(,/ Soil is the layer he layer of more or less disintegrated rock,
Defl

~which covers alarge portion of the surface
of the earth and which 15 Hited, under

stitable climatic conditions to support the g_owth of
PEints) In addition to the mineral Constituents which
: ﬁ"“iim? form the largest portion, all soils contain some
~quantity of organic matter resulting from decay of previ-
- ous vegetable growth. Soil also contains varying quantl-”
af ‘water, gases and living orgamsms.

nition of soil,

v«f“'l"li'é'?ﬁﬁmm’found immediately below the soil and
i between it and the layer of unweathgred
oo rock. The subsoil is seldom stirred by
hence is generally more compact than the soil
of a different colour. Its component particles
'ﬁhan those whmh form the so11 The subsoﬂ
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The rock is comparatwely a hard and .undisinte~
grated mineral matter. The mineral

~ matter in the rock is mhostly in an un-

‘available form to the plants. The rock contains buta
negligible quantity of organic matter (except in peats and

coal ﬁelds) and living organisms.

As alI soils are derived from rocks and all the rocks

' are composed of minerals we must have: i
l'f{’;{mi”g knowledge of the decomposition of mine~
. rals and rocks by the various decompos
%agenmes to belp in 3udgmg the probable composition
4 dcb,aracm of a soil. Although the number of mine~
ge,a yet those minerals that are gromlnam»
; 'in’ the formation of soils form, but
oup. The soil formmg minerals are e-'f

’ItS'Vél'lﬁ’tleS, felspafs, hornblen’d/ and augits !

Rock,

mgmcompom ion of the minerals anﬁ mks

. will depend on climatic conditions. In
toms cold countries the water a8 8 solvent
warmatf 011"

”.‘mtmns in temperamre«
' ( : mat‘m may help




advance than its chemical distintegration. Mechanically
it is reduced to powder forming the sand which con-
stitutes a large portion of soil. Sillica though in the
ordinary sense is insoluble yet it is not altogether in~

soluble. Even at ordinary temperature it dissolves -

slightly in water. At high temperature and pressure
- underground water is able to dissolve it in an appreei-
'able quantity. Water containing carbon dioxide dis-

sﬂma p031ted on the stems of grasses and such crops
ioe is all from the soluble silica absorbed by plant%
; ;than depos1ted on stems.

e L o

smm, and calcium. I‘elspara bemg less:

Chemmally a.lso it is attacked more easﬂ\

ilica especially by breaking the silicates. TFine =

elspars are silicates of aluminium _ and of one or<“"
more of the following :—sodium, potas-

- {he mechamcal agents It is turne,d intoa -
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Ed
of the same hardness as felspar yot decomposes more:
quickly than the felspar because in the first place it has-
' ~ an easy cleavage and therefore cracks readily. and second~
' 1y because it contains ferrous silicate, it is attacked
quickly by the atmospheric oxygen. Water containing
- carbon dioxide and oxygen attacks the mineral in various.
ways producing ultimately a little free silica, clay, car-
. bonates of lime and magnesia, oxides of iron and also-
=~ perhaps small quantities of carbonates of soda or potash-
Micas constitute a group of minerals which gontain’
S Mioss silicate of alumina with a silicate of. ong
S : ~or more of the following bases:—potas
y iron or magnesia. The micas have a tendency te
thin flakes and in the muscovite variety they are
resist decompasition but in the biotite variety
ecompose comparatively easily.
y give silicate of alumina, oxides” of iro
honates of the other bases. L %
Zeolites are silicates of alumina, potash and lime. .
gs They are in_abundance in certain parts.
22— of the Deccan trap but in the g i
they may not be present in large amounts. %
: ion in felspars.
| that t
v, sodium &c. which they conta
her metdls when their salts ate brc
zeolite powder. Itis supposed that zeolt
soils help in retaining some of the -

I

«
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carbon dioxide. Lime is essential as a plant'foed, and its
-agricultural importance arises also from its effect in alter-

-changes attending decay of organic matter. The presence

~of caleium carbonate acting as a base is essential to the
important process of nitrification. Dolomite is a double
~~carbonats of lime and magnesia and resembles hmcstone -
in its decomposition.

Gynsum is calcium sulphate. Itis slightly soluble
‘in water and mechanically it is easily
reduced to powder. It improves the
hyszcal condition of the soil when added at the rate of
out 200 1lbs. peracre. Italso helps nitrification.

Gypsum ‘

ron oxide is essential in soil for proper plant growth
but it is seldom wanting in the soil. It
is generally present as limonite. The red
colours of soils are due to the presence

Iron oxides.

ing the texture of soils and in modifying the chemical
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- §  of felspar and quartz with a small quantity of mica orit
= may consist mainly of quartz and mica with a small quan-~
’ i tity of felspar. Notwithstanding euch variations, &
fuirly approximate general estimate of the qualities of
the soils can be made by the study of the decomposition
of rocks. ‘
Granites ordinarily consist of potash felspar, quartz
Gientie solls. ‘agc_i’xgi}c_g,,_'l"he soilsp m ér;%ﬁ;:ié’s}’{
S therefore, bave generally enough of |
and a very small quantity of lime. If hornblende is pré~
sent in the place of mica or is & sscondary mineral lime
 also is found to be in good quantity. Sometimes apatite
_isfoundasa secondary mineral which is then able &
supply both lime and phosphoric acid. By mechanical
 disintegration the felspar is reduced to clay but the
quartz breaks down very slowly and therefore the soil
‘may b¢ a mixture of very fine clay full of large.
' cles of quartz. If the land is sloping the clay 18
"‘9"‘washedjdovsrn into the valley. The soils at the higher
Jevel are of co%se quartz particles and therefore not
 fertile while the soils in the valley containing only cold -
- 'stiff clay are difficult for cultivation. ‘
 Diorite is made up of

(Y R

) separation of the decompasitiqn. ¥
. The soils contain- generally @t
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_sition as the granites and hence the soils derived from
‘them are like those of granite origin.

The trap rock consists essentially of felspar, horn-
blende or augite, magnetite and some-
times olivine. The disintegration of the
“important minerals like felspar and hornblende is fairly
uniform. Between themsslves the two minerals supply the
 necessary quantities of potasl, lime, magnesia and small
- quantities of other ingredients. In granites, felspar is the
.only source of clay but inthe trap both felspar and horn-
blende yield clay. The soils produced from trap are
generally more productive than the soils derived from
oranites. A granite soil, in addition to the sand will
_ .consist of kaolin ( forming clay ) and potash from its

Trap soils.

felspary A trap soil in addition to the siliceous matter‘

‘kaolin and potash from its felspar will generally contain,
hme, magnesia and iron oxides derived from its horn-
blende. It therefore yields more substances required for
vegetable life than granite. '

Etls crmetlmes difficult to speak of the quahtles of

ns, the rest of the mmerale b&mg easﬂy de-
e removed by washing. In an arid region
hand these minerals are nof- removed by
ey form grains which look -as hardas
. yield plant food when-they are acted
uch soils, therefore, prove to be pro-
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-sandy soils the original sendstone and the climatic can~ ,
ditions of the locality must be carefully considered. All
-sandstone soils are, however, open, porous and easily

- workable or “light” asthey are many times called.

Shales consist of finer particles than sandstone. The
soils derived from them are more reten-
tive of water than sandstone soils but
. Tess retentive than clay soils. They generally contain
enough of potash but are poor in lime and phcsphunc
acid. These soils respond to manures.

Shale soils

Soils derived from limestones are rich in lime and
. are clayey. Many times they may prove
T o

* to be impervious and they may be want
mg in pctash and phosphoric acid. If these soils get
gmxed with soils derived from other rocks they yxeld gaad'
ops. , e

The laterite itself is formed by a pecuhar weathermg
by which silica, alkalies and lime &c. are
; washedaway and consequently there is
increase in the iron and alumina. Laterite soils are

ﬁ:ﬁtetiﬁe soils. -

- plant food constituents. TH e light, pam’ﬂs and

: ytxmas hungry. They aretl
JOWever, the latente mﬂs get mimﬁ Wﬂth matexza!s,




. sulting soil, therefore, possesses greater fertility than any

- Plant food constituents and they are in sucha condition

- 80

soil formed exclusively by the decomposition of one
kind of rock. Transported soils have generally sufficient

that they are available to plants. These soils are gene~ .
rally well drained. :
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SoiLs oF INDIA.

Out of the various rock formations of India there
are three which occupy very large areasand it is on this
account that the soils derived from these formations cover;
a vast area of the Indianland. The soils may be classi-
fied into three main groups as follows:—(1) Soils derived
from granites and gneisses, (2) Soils derived from the .
Deecan trap, both of which occupy ;the peninsular area’

and (3) The alluvial soils mostly made up of the Indo-
Gangetic alluvium. :

Soils derived from the granites and the gneisses
; occupy a very large area. They cover
8 from Grani- 1o eqstern and solithern parts of the
% P Blaisms Peninsula including most of the Madras
esidency, Mysore state and the southern part of the

bay Presidency. They occupy ”a large part of
Hydrabad state, the Central’ Provinces, Orissa and Chota
Nagpur. The soils vary very much. On the arid tiplands
ey aze thin, light coloured and stony.  Such soils are
n ‘their yield, On the low lands they are som®
ery clayey and yield good crops only when there
and heavy rain. The red andred-brown soils
yey character found on fairly level land are fertile.
um soils of good depth can be irrigated with advan-
southern India rice is grown on stich soils with
where it is availabe. Upder tatk- and well

b A

N




- phosphoric acid, nitrogen and organic matter.

. Trap soils.

‘half of the Hydrabad state. The soils throughout this
area yary to a great extent in character and productiv

82

irrigation which is extensive in certain parts, a great
variety of valuable crops are grown. The soils in the
~southern part of the Bombay presidency, which are de-
tived from granites and gneisses are found in the Bel-
gaum, Dharwar and North Kanara Districts. They are
sometimes mixed with soils from laterite or schists of
various types. Where they are clayey they are yello-

wish, red or brown. They are fertile and in well drained
situations grow a great variety of crops. They grow rice,
in the low-lying fields, in other places fruit trees grow
well, -The light coloured soils are generally poor. The
soils “described above are in most cases

deficent in

" The second rock formation which occupies a large -
area in the Peninsula is the Deccan Trap.
The trap soils are therefore found over
vast arcas especially in the Bombay Deccan, Berar, the
Western third of the Central Provinces and the Western

s

0688, Un the uplands and on the slopes the so
' , thin and poor, On'

Is ate
e low lands ‘an
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. Imperal Gazetteer the black cotton soils are described as
follows:—“Black cotton soil occurs within the area of
‘the Deccan trap in undulating or sloping situations, be-
low the general level of the foot-hills, It varies in depth
according to position and, where very deep, has been
-accumulated by alluvial deposit. In places :in the valley -
of the Tapti, the Narbada, the Godavari and the Krishna
heavy black soil is often 20 feet in depth. Owing to its -
-dense consistence it becomes unworkable during heavy
“Taing, and in these places, is better adapted for radi crops
.of wheat, linseed, gram &c. than for cultivation in the
Kharif season. The black cotton soil of ths Deccan trap
; ch«grows cotton and jowar as staple crops in the

i

ents of dlsmtegrated trap. The subsoil containg &
'%wl of lime being shaly, allows free drainage to
rap rock below. Black soils vary in colour, consis-
and fertility, but 9,11 are highly retentive of mzms-

al feo de,ep T his featurc has gwm ongm to ¢
i%non saymg “ Bl "
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“ Pure black cotton goil is generally known as regar
and it is believed that percentages of soluble silicates, iron
and alumina which it contains, are fairly constant within
moderate limits. The amount of magnesia is also very:
constant. Lime varies in amount and also in the form
in which it is found. It occurs usually both as carbonate

- and as silicate. Magnesia is always present in high pra-.
portion. The quantity of potash varies considerably, but.

itisnot usually defective. The amount of ‘phosphoric
acid, nitrogen and organic matter ig usually,or'frequqnﬂyr i
low”. . . g ;

In India the alluvial tracts are very extensive ani

e  they form the most fertile aress. Th
- IndoBangetio oot important alluvial tract in expanse
o is the Indo-Gangetic plain. This plain
é;tends from Sind in the west to Bengal in the east and

~ thus occupies the whole of Northern India. It e vers
 Sind, Gujerat, Rajputana, the Punjab, the United Pro-
anc gal. There are other alluvial tracts
-Gangetic plain. These are the Goda-
shna and Tanjore Districts, strips of all
the eastern and the western
courses, of the 0
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goils. Potash is adequate while lime is present in large
quantities. The proportion of iron and alumina alsois high,
The soil of the Punjab alluvial loam, is generally
sandy and fairly uniform in character,
‘here are local differences howaver, the
's0il of the Lower Bari Doab canal colony being, for
example, a heavier loam than that of the Lower Chenab
oanal colony. :

‘The Funjab moils.

In the United Provinees ths Indo-Gangetic soil
shows little variation in chemical compo-
. tion and even with regard to structure
- ‘and the sizs of particles the differences are not pronounc-
| sed. . Even those soils which are locally considered as
ntain a considerable proportion of sand. The |
sails have sufficient lime and potash but they are poor/
in phesphoric acid and nitrogen. sl
wfﬂk?l\lgrth Dihar is a level plain falling gradually from the
' foot of the Hymalayas but with a belt
of fairly high land along the bank of the
~ (Ganges. The soil consists mostly of the
r alluvium or dangar of the Gangetic plain, which
Howish: clay with Kankar. ;The low lands are eot-
d of recent deposits of sand and silt brought down by
~.8mall rivers during flood time. This recent alluvialis
retentive of moisture. fdas 4
In Bengal the soils are all of Indo-Gangetic alluviums
There are as everywhere else local diffe~ -
rences. The old alluvium of Rajashahi
wan divisions is a stiff and intractable s0ilf not
e. of moisture, whilst the alluvial land in |

The U. P. soils.

Bihar and Orissa
soils, ..

ol




CHAPTER VIII

—0—
SOILS OF THE BOMRBAY PrESIDENCY.

The soils of the Bombay Presidency can convenient--
ly be considered according to the divisions. Beginning
from Sind which is the Northernmost division of the
Bombay Presidency and which is covered with the recent
formation of the Indo-Gangetic alluvium we might proce-..
ed southword towards the Karnatic which is the southern-.
most part of the Presidency and is covered with the:
oldest rock formation.

Sind consists of the valley of the lower Indug and.

ind soils:  COMPrises three distinct tracts—the Kohi,.

Bind solls; stan, or hilly country, onthe extreme
‘\west, the central alluvial plain, watered by the Indue -
and" the Thar, ordesert, on the eastern boarder. The
central plain is the most important portion. The soils of
 this portion are entirely alluvial. They vary in charaeter
- from drift sands to stiff clays. In some places the soil is.

 very xich especially where tracts are covered wit
laden waters,

e The alluﬁal‘traét% on each side of :
‘annually submerged in the inundation season and large
areas which are covered by spilt-water .

Tetain sufficient
TOW good crops,
7 canal Wateern.’
enriches the soil,
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acid and Teven nitrogen under proper cultivation. At
some places the Sind soils show formation of salt incrusta-’
tion on the soils making them unfit for cultivation. These
soils are called Kalar. The salts are not due in many
cases to water-logging but are due to the downward and
upward movement of water, which leaves the dissolved
~ salts behind on evaporation. Itis only ina few cases
- that the Kalar is developed due to water-logging.

- Gujerat can be divided into three tracts according
~ to the soils it contains. These are :—(1)

The Panch Mahal tract, (2) The Northern
Gu]erat tract and (3) The Southern Gujerat tract.

ro ‘Panch Mahal tract stands by itself in the allu-
‘ vm.l land of Gujerat. The predominent rocks there, are é

gramtes and gneisses and therefore, as expected the

- goils are light coloured, shallow, and poor, while in the

w-lying areas, deep, rich dark coloured loams, retentive

of moisture are common. These soils can give two. cx:ops

/in a year, Usually there is maize iif the Kharif season

nd wheat in the rabi season.

n the north Gu;emt tract consxstmg of Ahm

Cujerat soils.
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The Southern Gujerat tract comprisés the Broach

" and Surat districts. The soils of this tract are the (1) deep
black soils, (2) the dhatha - soils, (3) the Gorat soils and
(4) the Kiari soils. All these soilsare of alluvial character.
They are however not of the Indo-Gangetic type. The
main sourcs of the deep black soils of Broach and Surat

is trap with a little granite or gneiss. The colour of the
goils is black and they are very deep. They are the black
cotton soils which are already described. They are also
known as regur. The bhalka soils are red, brown or
chocolate in colour. They are alluvium deposited by
rivers during high flood. The fertzluy of these soils may
be renewed every year by fresh silt. Thess soils are
found in belts along the Tapti and Narbada banks. The
* bhatha soils grow excellent irrigated crops. Old bhatha
soils are found sometimes away from the present rivers.
They are called gorat soils. They are alluvial in chara-

; d are suited for irigation Kian‘s are rice soils in

and West Khandesh, Nasik, Poona,

atara, Ahmednagar and Sholapur. The
sails of all thesc districts are entirely
e Khandesh soils form one group
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"The detailed description of black cotton soils has already”
been given and hence need not be repeated here. The
‘remaining portion of the Deccan districts may be divided
into (1) The high lying strip along the western Ghafs-
hilly in character with heavy rain-fall and having soils of
2 very shallow character. On these soils rice and small
millets are grown on terraces. (2) A strip of country
which ig less hilly, and has sufficient and certain rainfall
is the second. Soil in this part is not very deep. Both
. kharif and radi crops as also irrigated crops are taken
- in thisstrip, (3) The third is the eastern most strip of
~ the Deccan which has uncertain rainfall. This part has
got deep black soils which are retentive and with enough
‘rainfall they give excellent crops. The wheat lands of
.Nasik and :of Kopargaon in Ahmednagar, rabi jower:
lands of Ahmednagar and Sholapur, are black soils. The
ivisions of soils shown above are very rough. These
ils are all from trap. They simply indicate the stage
decomposition of the rock and the nature of accumula-
‘tion of the soil. Even in one village we may meet with
all types of soﬂs :

e are soﬂs faund on the Tiver banks which are
for garden crops. Along: the canals in some.
1 ‘_ands ‘have developed in recent yegrs.: The’

v Bl iy o
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salt lands are unfit for cultivation ag the salts prove to be
poisonous to plants. '

In some parts of Ahmedng
numerous round stones of vy
fields. The soils in which
fine in texture and fairly fertile. The stones are brought
up by tillage. They slowly decompose into goil and are
in no way troublesome to:the crop. St

Thana and Kolaba districts have trap soils. Ratana
L - giri has Ilaterite soils. On the northern
2 e Konkan ofls side the laterite is aver the trap while on

the southern side it is over the gneiss.  Soils of North:
- Kanara are derived from a variety ofrocks. The whole -
Konkan is hilly and has thin and porous soils. Near the

gar and Sholapur districts.
1ying size are found in the.
these stones are found are

They are allowed to waste periodi-
Mfter the rest there is a rolation of crops. Ins.

niger &c. are the usual crops. e
ich are low-lying and rich are called.
are on the uplands and slopes -

They are known
cove: f sea..
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many places garden crops can béﬁgmwn if water in gw& ;
quantity is available.

North Kanara is the southernmost dxstnct of Kon-~
kan. On the top of the Gkats and uplands the soil ig
laterite. Much of the land is under forest. Riee is grown
where land has been cleaned. In the valleys between
hills there are gardens growing belet nut, cardamom and
pepper &c. Thesoils of these gardens are derived from
shales. Where these valleys open out rice is the chief
crop grown. The coast line is covered with soil derived
from low-level laterite or decomposing gneisses. The
soils of the orth Kanara vary from yellowish to red in

hey are well drained and porous and in plaoeg“x
angry. They are poor in lime and phosphonc acid
“ Three districts are included in Karnatak—Belgaum,”
Dharwar and Bijapur. The Belgaum
district bas granite and gneiss formation
on its southern side where it meets the boundaries of Dbar-
war.and North Kanara, sandstone formation in its eastern
J ‘where it meets Bijapur, on the northern and weste.rn :
: Theu :

Karn atak ﬂdﬂs

) arefrmed by a mxxmw afmaterial
th the laterifse and mp Thcse soils.
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